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ABSTRACT 


The  purpose  of  this  study  was  to  determine  whether 
dominant  components  of  the  motor  potential  recorded  from 
the  scalp,  were  coincident  with  the  rise  and  fall  of  muscu¬ 
lar  activity  in  single  movements,  return  movements,  and  con¬ 
tinuous  movements,  in  serial  flexion  and  extension  of  the 
elbow . 

El ectroencephal ographi  c  recordings  obtained  from  three 
right  handed  subjects  through  scalp  electrodes  were  averaged 
by  computer  and  related  to  EMG,  force  and  displacement  of 
the  limb. 

In  the  single  movement,  coincident  events  in  the  motor 
potential  indicated  the  rise  and  fall  of  EMG  and  force. 

Events  in  the  motor  potential  of  the  return  movement 
coincided  with  the  rise  of  EMG  and  of  force  in  the  first 
phase,  and  the  rise  of  EMG  in  the  second  phase.  Other  time 
relationships  were  not  clear. 

Dominant  negative  potentials  were  still  evident,  asso¬ 
ciated  in  time  with  change  in  direction,  despite  relatively 
high  noise  level  in  the  motor  potentials  for  continuous 
movement . 

Relationships  between  events  were  clearer  in  some 
subjects  than  in  others.  This  could  have  been  caused  by 
different  characteristics  in  the  performance  of  the  task 
or  by  problems  related  to  the  location  of  scalp  electrodes. 

The  general  wave  form  of  the  motor  potentials  and  the 


EMG  traces  seemed  to  be  related  in  a  few  samples  of  the 
single  movement  task,  suggesting  that  other  factors  than 
time  may  be  related  between  the  motor  potential  and  the 
EMG. 


ACKNOWLEDGEMENTS 


I  would  like  to  express  my  appreciation  to  Dr.  Beck 
for  his  long  term  guidance  and  direction,  and  to  my  Chairman 
Dr.  Wilberg  for  his  supervision  and  advice. 

My  thanks  are  also  expressed  to  Dean  Van  Vliet,  Dr. 
Alderman  and  Dr.  Stelmach  for  serving  on  my  examining 
commi ttees . 

I  am  grateful  to  the  Psychology  Department  of  the 
University  of  Alberta  especially  to  Dr.  Bourassa  for  the 
use  of  computing  facilities,  and  to  Dr.  Singh  for  his  en¬ 
couragement  and  assistance  with  instrumentation. 

My  thanks  go  also  to  the  staff  of  the  EEG  Department 
of  the  University  of  Alberta  Hospital  for  their  assistance 
in  pilot  studies,  and  to  the  subjects  who  endured  the  long 
and  tedious  experiment. 

Special  thanks  are  due  to  my  wife,  Margaret,  and 
children  Gary  and  Carolyn,  for  enduring  the  loneliness  and 
lack  of  attention  due  to  my  many  hours  of  absence  from  the 
family  circle. 


TABLE  OF  CONTENTS 


Page 

CHAPTER  I  -  STATEMENT  OF  THE  PROBLEM .  1 

1  . 1  Introducti  on .  1 

1  . 2  The  Problem .  5 

1.3  Definition  of  Terms .  7 

1.4  Limitations .  8 

CHAPTER  II  -  REVIEW  OF  LITERATURE .  10 

2.1  Single  Cell  Activity  and  Muscular 

Performance .  10 

2.2  Outlets  from  the  Motor  Cortex  Other  than 

Pyramidal  Tract .  15 

2.3  Populations  Versus  Single  Neurons .  18 

2.4  Topographical  Relation  Between  the  Cranium 

and  the  Cortex .  20 

2.5  Characteristics  of  Scalp  Motor  Potential 

(MP) .  21 

2.6  The  Relation  of  Components  of  MP  to 

Muscular  Performance .  24 

2.7  Chapter  Summary .  26 

CHAPTER  III  -  PROCEDURES .  28 

3.1  The  Motor  Task .  28 

3.1.1  The  Basic  Position .  29 

3.1.2  The  Movement .  29 

3.1.3  Tasks  1  and  2 .  30 

3.1.4  Task  3 .  31 

3.1.5  Task  4 .  31 

3.1.6  Task  5 .  31 

3.2  The  Motor  Task  Apparatus .  31 


■ 


Page 

3.3  Measurement  of  Dependent  Variables .  32 

3.3.1  Angular  Displacement  of  the  Arm .  32 

3.3.2  Force  Generated  by  the  Movement .  33 

3.3.3  Muscle  Potentials .  33 

3.3.4  Motor  Potentials .  34 

3.4  Subjects .  36 

3.4.1  Number  of  Subjects .  36 

3.4.2  Handedness  of  Subjects .  37 

3.5  Measurement  of  the  Data .  37 

3.5.1  Occurrence  of  Coincident  Wave  Forms..  37 

3.5.2  Latency  Between  Relevant  Wave  Forms..  38 

3.6  Experimental  Design .  39 

3.7  Order  of  Presentation  of  Tasks .  40 

3.8  Pre-Experimental  Preparation .  41 

3.8.1  Preparation  of  Equipment .  41 

3.8.2  Preparation  of  the  Subject .  42 

3.8.3  Location  of  EEG  Electrodes .  43 

3.8.4  Measurement  of  Electrode  Impedance...  44 

3.8.5  Attachment  of  EMG  Electrodes .  45 

3.8.6  Positioning  of  the  Subject . .  45 

3.9  The  Experiment .  46 

3.9.1  Single  Movement  (Tasks  1  and  2) .  46 

3.9.2  Return  Movement  (Task  3) .  47 

3.9.3  Return  Movement  (Task  4) .  48 

3.9.4  Continuous  Movement  (Task  5) .  48 

3.10  Treatment  of  Data .  49 

3.10.1  Examination  of  Visicorder  Write-Out..  49 

3.10.2  Examination  of  Tape  Recorded  Data....  49 

3.10.3  Averaging  of  Recorded  Data .  49 

3.10.4  Recording  of  Events  and  Calcula¬ 
tion  of  Statistics .  49 


Page 

CHAPTER  IV  -  ANALYSIS .  73 

4.1  Hypotheses .  73 

4.1.1  Single  Movement  (Tasks  1  and  2) .  73 

4.1.2  Return  Movement  (Tasks  3  and  4) .  75 

4.1.3  Continuous  Task .  76 

4.2  Results .  76 

4.2.1  Pilot  Studies .  76 

4.2.2  Treatment  of  Data .  77 

4.2.3  Selection  of  Number  of  Sweeps  for 

Processing .  79 

4.2.4  Selection  of  Task  Data  for  Pro¬ 
cessing .  80 

4.3  Data  from  Averaged  Wave  Forms .  81 

4.3.1  Single  Movement  (Task  1) .  81 

4. 3. 1.1  Motor  Potential  and  Rise 

in  Force .  81 

4. 3. 1.2  Motor  Potential  and  Fall 

in  Force .  83 

4. 3. 1.3  Motor  Potential  and  Treat¬ 
ment  of  Force .  83 

4. 3. 1.4  Motor  Potential  and  Rise 

in  EMG .  84 

4. 3. 1.5  Motor  Potential  and  Fall 

in  EMG .  84 

4. 3. 1.6  Motor  Potential  and  General 

Form  of  EMG .  84 

4.3.2  Return  Movement  (Task  3) .  85 

4. 3. 2.1  Motor  Potential  and  Rise 

in  Force .  85 

4.3. 2.2  Motor  Potential  and  Fall 

in  Force .  87 

4. 3. 2. 3  Motor  Potential  and  End 

of  Force .  87 

4. 3. 2. 4  Motor  Potential  and  Rise 

in  EMG .  87 

4.3.3  Continuous  Movement  (Task  5) .  89 

4.3.4  Displacement  Relationships .  90 

4.4  Discussion .  91 


Page 


4.4.1  Limitations  Within  the  Experiment....  91 

4. 4. 1.1  The  Performance .  91 

4. 4. 1.2  The  Task  Apparatus .  92 

4. 4. 1.3  Bio-Electronic  Equipment....  92 

4.4.2  Discussion  of  Wave  Forms  from 

Single  Movement  (Task  1) .  94 

4.4.3  Differences  Among  Subjects .  98 

4.4.4  Discussion  of  Results  from  Return 

Movement  (Task  3) .  100 

4.4.5  Discussion  of  Results  from  Con¬ 
tinuous  Movement  (Task  5) .  102 

4.4.6  Comparison  of  Single,  Return  and 

Continuous  Movements .  102 

CHAPTER  V  -  SUMMARY  AND  CONCLUSIONS .  104 

5.1  Summary .  104 

5.2  Conclusions .  105 

BIBLIOGRAPHY .  106 

APPENDICES .  112 


■ 


:  l*iA 


LIST  OF  TABLES 


Table  Page 

I  Coincidence  of  Negative  Potential  with 

Force  and  EMG  (Task  1) .  82 

II  Mean  Latencies  and  Ranges  -  Motor  Poten¬ 
tials  to  Rise  in  Force  (Task  1) .  82 

III  Mean  Latencies  and  Ranges  -  Motor  Poten¬ 
tials  to  Rise  in  EMG  (Task  1) .  85 

IV  Coincidence  of  Negative  Potential  with 

Force  and  EMG  (Task  3) .  86 

V  Mean  Latencies  and  Ranges  -  Motor  Poten¬ 
tial  to  Rise  in  Force  (Task  3) .  86 

VI  Mean  Latencies  and  Ranges  -  Motor  Poten¬ 
tial  to  Rise  in  EMG  (Task  3) .  88 

VII  Coincidence  of  Negative  Potential  with 

Force  and  EMG  (Task  5) .  90 


LIST  OF  FIGURES 


Figure 

1  Subject  1,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

2  Subject  1,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

3  Subject  1,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . . 

4  Subject  2,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

5  Subject  2,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

6  Subject  2,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

7  Subject  3,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

8  Subject  3,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

9  Subject  3,  Task  1,  single  movement.  EEG 

calibration  -  hor.  scale,  10  divisions  = 
400  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 

10  Subject  1,  Task  3,  return  movement.  EEG 
calibration  -  hor.  scale,  10  divisions  = 
480  millisecs.  vert,  scale,  1  division  = 
5  microvolts . 


Page 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


( 

- 


Fi gure 


Page 


11  Subject  1,  Task  3,  return  movement.  EEG 
calibration  -  hor.  scale,  10  divisions  = 

480  millisecs.  vert,  scale,  1  division  = 

5  microvolts .  61 

12  Subject  3,  Task  3,  return  movement.  EEG 
calibration  -  hor.  scale,  10  divisions  = 

480  millisecs.  vert,  scale,  1  division  = 

5  microvolts .  62 

13  Subject  3,  Task  3,  return  movement.  EEG 
calibration  -  hor.  scale,  10  divisions  = 

480  millisecs.  vert,  scale,  1  division  = 

5  microvolts .  63 

14  Subject  2,  Task  3,  return  movement.  EEG 
calibration  -  hor.  scale,  10  divisions  = 

480  millisecs.  vert,  scale,  1  division  = 

5  microvolts .  64 

15  Subject  2,  Task  5,  continuous  movement. 

EEG  calibration  -  hor.  scale,  10  divi¬ 
sions  =  320  millisecs.  vert,  scale,  1 

division  =  5  microvolts .  65 

16  Subject  3,  Task  5,  continuous  movement. 

EEG  calibration  -  hor.  scale,  10  divi¬ 
sions  =  340  millisecs.  vert,  scale,  1 

division  =  2.5  microvolts .  66 

17  Subject  3,  Task  5,  continuous  movement 
(double  epoch  time).  EEG  calibration  - 
hor.  scale,  10  divisions  =  680  millisecs. 

vert,  scale,  1  division  =  2.5  microvolts...  67 

18  Subject  3,  Task  5,  continuous  movement 
(double  epoch  time).  EEG  calibration  - 
hor.  scale,  10  divisions  =  680  millisecs. 

vert,  scale,  1  division  =  2.5  microvolts...  68 

19  Subject  1,  Task  5,  continuous  movement. 

EEG  calibration  -  hor.  scale,  10  divi¬ 
sions  =  320  millisecs.  vert,  scale,  1 

division  =  5  microvolts .  69 

20  Task  apparatus;  elbow  resting  on  plat¬ 
form  above  friction  drum,  and  strain 

gauges  shown  on  side  of  lever .  70 


. 


Page 


Figure 

21  Task  apparatus;  elbow  resting  on  plat¬ 

form  above  friction  drum,  and  strain 
gauges  shown  on  side  of  lever .  70 

22  Impedance  measuring  equipment .  71 

23  Grip-strength  dynamometer .  71 

24  Experimental  situation  and  equipment; 
left-right  impedance  measuring  equipment; 
monitoring  oscilloscope;  tape  recorder; 

Honeywell  console;  task  chair  and  equip¬ 
ment;  laboratory  clock .  72 


'  •' 

CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 

1 . 1  Introduction 

It  is  a  frequent  experience  of  teachers  of  motor  skills 
to  have  pupils  who  know  what  to  do  but  who  still  cannot  per¬ 
form  the  task.  After  the  information  regarding  the  task  has 
been  received  and  understood,  there  seems  to  be  a  gap  because 
subsequent  attempts  do  not  result  in  a  satisfactory  perform¬ 
ance.  Hebb  (1968)  and  Greenwald  (1970)  have  proposed  that 
a  perceptual  image  is  required  in  the  formulation  of  the 
plan  of  muscular  action.  This  was  proposed  by  James  as 
long  ago  as  1890,  but  his  ideas  were  challenged  by  condi¬ 
tioning  theorists  and  fell  into  disrepute,  apparently  because 
they  could  not  withstand  rigorous  experimental  examination 
at  that  time.  More  recently  neurological  propositions  by 
Eccles  (1965),  Hebb  (1968),  Konorski  (1967)  and  Beritash- 
villi  (1969)  have  revived  these  old  ideas  and  expressed  them 
in  more  objective  terms.  The  argument  can  be  reduced  to 
feedback  versus  ideation  in  the  learning  of  the  skill.  A 
mass  of  information  is  available  on  the  importance  of  feed¬ 
back  in  learning,  much  of  its  early  development  having  been 
done  by  Hull  (1931).  There  is  little  doubt  that  feedback 
plays  an  important  part  in  the  refinement  of  the  performance, 
but  it  seems  not  to  account  for  all  the  learning  which  oc¬ 
curs,  since  mental  practice  procedures  can  result  in  the 


. 
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acquisition  of  skill  of  naive  subjects  as  well  as  improve¬ 
ment  in  those  skills  already  established,  (Jones,  1965; 
Richardson,  1965). 

Support  is  also  found  in  animal  studies  for  the  im¬ 
portance  of  central  mechanisms  in  the  work  of  Taub  and 
Berman  (1968).  After  reviewing  their  ten  years  of  research 
on  the  influence  of  the  removal  of  feedback  by  deafferenta- 
tion,  they  stated  the  following: 

"...how  could  an  animal  learn  to  make  use  of  deaffer- 
ented  limbs  in  the  absence  of  vision....  Since  the 
required  information  concerning  the  topography  of 
their  movements  could  not  have  been  conveyed  over 
peripheral  pathways,  it  must  have  been  provided  by 
some  central  mechanism  that  does  not  involve  the 
participation  of  the  peripheral  nervous  system." 

These  authors  go  on  to  review  literature  which  illust¬ 
rates  that  mechanisms  do  exist  which  could  include  purely 
central  feedback  systems,  returning  information  concerning 
future  movements  before  the  impulses  that  will  produce  these 
movements  reached  the  periphery.  This  supports  the  idea 
of  the  fractional  anticipatory  goal  response  of  Hull  (1931) 
but  still  does  not  account  for  the  formulation  of  the  initial 
motor  plan  which  determines  what  the  output  will  be.  This 
planning  function  is  covered  by  Taub  and  Bermans  (1968) 
second  alternative,  which  is  the  possibility  that  behaviour 
can  be  learned  and  performed  in  the  absence  of  all  topo¬ 
graphical  feedback. 

Hebb  (1968)  supports  the  idea  of  the  lack  of  reliance 
on  the  afferent  input  and  the  concept  that  one  can  recall 
stored  information  and  reform  the  image  which  was  originally 


* 


3 


"...a  series  of  peripherally  derived  sensations." 

After  reviewing  the  different  theories  of  learning, 
Greenwald  (1970)  concludes  that  the  ideo-motor  mechanism 
is  the  vital  one  in  the  initial  stages  of  learning,  where 
a  response  is  selected  on  the  basis  of  its  own  anticipated 
feedback.  If  this  is  so  then  what  is  recorded  on  the 
Rolandic  area  of  the  cerebral  cortex  as  a  motor  potential 
may  well  be  based  on  the  anticipated  feedback  and  may  re¬ 
present  either  the  recalled  image  of  a  prior  attempt,  or  a 
generalized  image  formed  from  sub-assemblies  of  second- 
order  neurons  (Hebb,  1968).  The  ideational  portion  of  the 
function  with  its  related  potentials  need  not  be  related 
to  the  overt  response,  in  that  much  behavioural  evidence 
supports  the  idea  of  implicit  rehearsal,  and  in  fact, 

Vaughan  et  aK  (1970)  reports  that  "...potentials  having 
the  typical  configuration  of  motor  potentials  were  seen  dur¬ 
ing  the  recording  session  without  myographi cal ly  evident 
contraction  of  the  monitored  extremity."  These  could  be 
potentials  related  to  unmonitored  muscle  action  as  he 
suggests,  but  there  is  also  the  possibility  that  they  were 
a  manifestation  of  mental  practice  of  the  task.  After  re¬ 
finement  of  the  technique,  it  may  be  possible  to  establish 
whether  the  overt  performance  is  essential  to  the  motor 
potential.  If  the  muscular  activity  turns  out  not  to  be 
essential,  then  it  would  support  the  idea  of  the  motor  poten¬ 
tial  representing  the  plan  of  the  performance. 

Potentials  from  other  areas  of  cortex  associated  with 
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the  performance  of  motor  acts  may  also  be  of  value  in  exa¬ 
mining  ideational  components  of  motor  planning.  Sologoub 
(1969)  examined  el ectroencephal ographs  derived  from  many 
areas  of  the  scalp  and  found  a  clear  relationship  between 
the  rhythm  of  EEG  wave  forms  and  the  rhythm  of  the  task 
performed.  These  rhythms  were  clearest  over  parietal  area 
39  of  Brodman  and  motor  areas  and  they  were  sustained  as 
the  task  became  automated,  whereas  over  other  areas  the 
rhythms  became  random.  Sologoub's  EEG  wave  forms  were  inter¬ 
preted  from  the  raw  data,  and  therefore  no  clear  components 
of  the  wave  form  could  be  seen,  but  it  seems  a  distinct 
possibility  that  these  waves  were  the  same  as  Vaughan's 
motor  potentials.  Therefore  these  potentials  may  well  be 
manifest  in  parietal  as  well  as  motor  areas  of  the  cortex. 

Statements  made  by  Nielson  (1948),  Penfield  (1954) 
and  Campbell  (1965),  although  not  supported  by  experimental 
evidence,  express  the  common  notion  that  the  inferior  parie¬ 
tal  region  of  cortex  is  involved  in  body  awareness  and  the 
planning  of  motor  acts.  Although  this  may  not  be  totally 
true,  it  adds  weight  to  the  validity  of  examining  potentials 
from  the  area  and  their  relations  to  the  planning  and  per¬ 
formance  of  motor  skills 

The  work  of  Vaughan  (1965,  1968,  1970),  Gilden  (1966) 
and  Karlin  (1970)  show  consistent  components  of  the  EEG 
potentials  recorded  above  the  motor  cortex,  and  that  these 
were  related  in  time  to  the  occurrence  of  muscular  contrac¬ 
tion.  Research  by  Evarts  (1966,  1967,  1968,  1969)  on  the 
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function  of  single  cells  in  the  motor  cortex  in  relation 
to  muscle  activity  adds  to  this,  and  makes  more  reasonable 
the  examination  of  EEG  signals  derived  from  above  the  motor 
cortex,  before  proceeding  to  other  areas. 

One  of  the  components  of  muscular  activity  which  is 
highly  important  in  skilled  acts  is  the  timing  of  the 
beginning  and  ends  of  movements,  and  the  timing  of  changes 
in  direction.  Accurate  timing  is  not  only  essential  for 
fast  responses  to  external  stimuli  in  those  situations  where 
fast  reaction  and  fast  movement  are  necessary,  but  also, 
in  slower  highly  coordinated  tasks  where  accurate  time  of 
the  components  of  the  multiphasic  movement  determine  the 
degree  of  precision  in  the  performance.  Timing  of  muscular 
activity  is  the  factor  which  also  determines  the  rhythm  of 
performance  in  a  serial  type  task  like  running  or  rowing  or 
swimming.  Examination  of  this  factor  may  also  contribute 
to  the  understanding  of  man's  ability  to  time  rhythmic  acti¬ 
vity  within  a  very  small  range  of  error  (Von  Sturmer,  1968; 
Ellis  et  aj_.  ,  1968;  Carlson  and  Feinberg,  1968).  In  order 
to  use  components  of  motor  potentials  to  examine  the  timing 
of  rhythmic  activity,  it  is  necessary  to  determine  whether 
these  components  occur  consistently  with  the  onset  and 
cessation  of  muscular  contraction  or  with  events  in  other 
parameters  dependent  upon  the  muscular  activity. 

1 . 2  The  Problem 


Scalp  electrodes,  will  be  used  on  normal  human  subjects 
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to  see  whether  dominant  components  of  the  motor  potential 
occur  coincident  both  with  the  rise  and  the  fall  of  muscu¬ 
lar  activity.  The  same  coincident  potentials  will  also  be 
looked  for  in  tasks  with  two  sequential  movements  and  in 
continuous  performance  of  alternating  phases.  Scalp  elect¬ 
rodes  will  be  used  because  they  are  considered  necessary  for 
further  research  on  normal  humans. 

Vaughan  (1965,  1968,  1970),  Gilden  (1966)  and  Karlin 
(1970)  clearly  demonstrated  a  negative  component  of  the  mo¬ 
tor  potential  occurring  with  a  small  latency  after  the  onset 
of  muscular  activity.  These  signals  were  obtained  through 
scalp  electrodes  in  sharp  ba 11 i s ti c-type  tasks  except  for 
the  work  reported  by  Vaughan  in  1970,  where  the  animals 
were  trained  to  open  and  hold  a  switch  for  a  short  period 
of  time.  Only  in  the  1970  study  was  a  coincident  potential 
also  obtained  for  the  cessation  of  the  muscle  action.  So 
far  as  can  be  interpreted  from  the  published  material,  this 
task  was  more  of  an  isometric  than  an  isotonic  task  (see 
definition  of  terms,  page  7).  The  records  in  that  study 
were  obtained  from  the  cortex  of  the  monkeys  whereas  in  the 
experiments  on  humans  they  were  taken  from  the  surface  of 
the  scalp.  Either  or  both  of  these  differences  could  have 
accounted  for  the  occurrence  of  the  potential  coincident 
with  the  cessation  of  the  EMG  (muscle  potential)  in  the 
latter  case  and  not  in  the  former. 


' 
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1 . 3  Definition  of  Terms 

Electroencephalograph  (EEG).  The  trace  displayed  on 
paper  or  an  oscilloscope,  of  the  electrical  recording  of 
the  activity  of  the  brain.  The  usual  method  of  recording 
is  via  surface  electrodes  or  needle  electrodes  inserted 
through  the  scalp. 

Electromyograph  (EMG).  The  trace  displayed  on  paper 
or  an  oscilloscope  of  the  electrical  recording  of  the  acti¬ 
vity  of  one  or  more  muscles.  The  usual  method  of  recording 
is  via  surface  electrodes  or  needle  electrodes  inserted  into 
the  belly  of  the  muscle. 

Evoked  Potential  (EP).  Change  in  voltage,  usually 
recorded  in  wave  form,  which  is  used  to  represent  the  res¬ 
ponse  of  the  brain  to  an  external  stimulus. 

Isometric  Contraction.  Muscular  force  exerted  against 
a  non-moving  resistance  so  that  the  limb  remains  stationary, 
and  the  muscle  remains  the  same  length. 

Isotonic  Contraction.  Muscular  force  which  results 
in  shortening  of  the  muscle,  and  movement  of  the  limb  con¬ 
cerned  . 

Motor  Potential  (MP).  Designated  by  Gilden  e_t  aK 
(  1966)  and  Vaughan  et_  a_K  (1965)  as  a  characteristic  cere¬ 
bral  wave  form  associated  with  voluntary  motor  activity. 

For  characteristics  see  Chapter  II,  page  21. 

Noise.  Irrelevant  electrical  signals  in  which  the 
signal  of  interest  is  often  embedded. 

Phase  Shift.  The  lead  or  lag  of  one  wave  relative  to 
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another  wave  (or  to  a  time  point)  where  both  are  supposed 
to  occur  simultaneously. 

Pyramidal  Tract  Neurons  (PTN).  Cells  of  the  cerebral 
cortex  which  project  fibres  through  the  pyramids  of  the 
brain  stem  into  the  spinal  cord. 

1  .  4  Li  mi tati ons 

(A)  The  tasks  used  in  this  research  are  suitable  to 
examine  the  time  relations  among  the  parameters 
concerned  only  so  far  as  the  subject  is  able  to 
perform  the  movements  accurately  and  reliably. 

(B)  Since  the  task  is  so  simple  and  of  very  low  in¬ 
formation  load,  relations  among  the  parameters 
cannot  be  generalized  to  complex  motor  tasks,  or 
those  which  involve  processing  of  large  amounts 
of  information. 

(C)  The  extent  to  which  the  records  taken  from  the 
scalp  can  be  used  is  dependent  on  the  consistency 
of  the  relationship  between  the  topography  of  the 
cranium  and  that  of  the  cortex. 

(D)  The  study  was  limited  by  the  accuracy  and  reliabi¬ 
lity  of  the  equipment  used.  This  was  particu¬ 
larly  important  in  this  experiment  where  so  many 
pieces  of  very  sensitive  equipment  had  to  operate 
correctly  at  the  same  time. 

(E)  This  research  is  limited  by  the  number  of  subjects 
and  the  population  from  which  they  are  drawn. 
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From  the  results  one  therefore  cannot  generalize, 
but  the  study  should  be  looked  upon  as  an  initial 
experiment  in  a  series  which  was  designed  to 
examine  whether  certain  phenomena  occur  and 
whether  further  research  in  this  direction  is 
feasible . 

(F)  The  research  is  also  limited  by  the  extent  to 
which  the  subjects  were  able  to  establish  the 
basal  state  and  perform  the  tasks  as  directed 
while  following  the  sweep  hand  of  the  clock. 


CHAPTER  II 


REVIEW  OF  LITERATURE 


Only  in  the  last  few  years  has  research  been  done 
relating  external  measures  of  brain  function  to  motor  per¬ 
formance.  Much  of  this  has  been  directed  towards  the  in¬ 
vestigation  of  information  input  through  the  different  sen¬ 
sory  modes.  The  main  work  on  externally  measured  brain 
output  in  relation  to  motor  performance  has  been  done  by 
Vaughan  and  his  associates,  (Vaughan  et_  aK  ,  1965  ,  1968, 

1  970;  Gilden  et^  al_.  ,  1966).  In  addition  one  Russian  study 
reports  findings  on  the  matching  of  alpha  rhythm  to  rhythmi 
muscular  activity  (Sologoub,  1969).  Beyond  this  work  most 
other  research  has  used  animals  to  relate  cortical  cell 
function  to  the  overt  performance. 

In  this  chapter  relevant  work  relating  the  function 
of  motor  cortex  and  muscular  performance,  which  provides  a 
context  for  this  study,  will  be  reviewed. 

2 . 1  Single  Cell  Activity  and  Muscular  Performance 

Several  research  workers  from  1965  onward  (referred 
to  in  this  chapter)  have  been  trying  to  relate  the  function 
of  cells  in  the  motor  cortex  to  the  activity  of  the  muscle 
and  other  characteristics  of  the  overt  performance. 

In  a  series  of  studies  on  monkeys,  Evarts  (1966)  im¬ 
planted  microelectrodes  in  the  motor  cortex  of  the  animals 
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and  related  the  firing  of  the  cells  recorded  to  the  char¬ 
acteristics  of  simple  arm  movements.  He  reported  that  in  a 
simple  button-pressing  task,  the  arm  movements  were  pre¬ 
ceded  by  responses  in  pyramidal  tract  neurons,  and  that  the 
latency  of  the  PTN  (pyramidal  tract  neuron)  response  after 
the  stimulus  was  related  to  the  latency  of  the  movement. 

Since  the  PTN  activity  preceded  the  peripheral  EMG  (elect¬ 
romyograph)  response  associated  with  the  movement,  the  fir¬ 
ing  of  the  cortical  cells  could  not  be  dependent  on  feedback 
from  the  muscular  activity.  In  a  further  study  (1968) 

Evarts  examined  the  question;  "Is  the  discharge  of  PTNs 
related  to  the  force  exerted  by  the  moving  part,  or  does 
PTN  activity  more  nearly  parallel  the  displacement  which 
results  from  this  force."  In  this  experiment  the  animal 
was  trained  to  make  alternate  30°  flexion  and  extension  move¬ 
ments  of  the  wrist  for  a  fruit  juice  reward.  During  training 
both  the  magnitude  of  the  load  and  the  direction  in  which  it 
acted  were  varied,  and  the  monkeys  learned  to  make  displace¬ 
ments  of  the  required  duration  independent  of  these  varia¬ 
tions.  The  right  hand  was  trained  and  the  recordings  were 
derived  from  the  contralateral  precentral  gyrus.  Force  and 
position  transducers  were  used  to  record  the  degree  of  mus¬ 
cular  force  produced  and  the  displacement  of  the  wrist. 

Muscle  potentials  were  obtained  from  both  flexors  and  ex¬ 
tensors  of  the  wrist  using  needle  electrodes  implanted  into 
the  muscle.  Examination  of  changes  in  the  behaviour  of  the 
PTNs  when  the  load  was  varied  showed  that  the  magnitude  of 


h  t  „  t!nm  i  •  *o::r* 


12 


the  force  generated  was  an  important  factor  in  whether  the 
recorded  PTN  actually  fired  at  all  and  in  the  frequency  of 
the  discharge.  It  was  also  shown  that  as  the  force  changed, 
so  also  the  frequency  of  firing  of  some  PTNs  changed.  In 
all  cases  these  changes  occurred  before  the  muscular  events 
and  therefore  could  not  be  attributed  to  rapid  feedback 
from  the  muscle.  Concluding  the  report  on  the  study  Evarts 
states  the  following: 

"For  the  majority  of  PTNs  discharge  frequency  was 
related  primarily  to  the  force  (F)  and  dF/dt  and 
was  only  secondarily  related  to  the  direction  of 
displacement. 

Some  PTNs  which  were  unrelated  to  force  were  related 
to  the  direction  of  displacement,  but  not  to  the  fine 
details  of  the  displacement  in  the  way  that  other 
PTNs  were  related  to  the  fine  details  of  the  applied 
force . " 

Further  examination  of  the  results  showed  that  most  PTNs 
of  the  precentral  motor  cortex  are  more  strongly  related 
to  dF/dt  than  to  force.  Evarts  states  the  functional  con¬ 
sequence  of  this  as  follows;  "A  strong  representation  of 
dF/dt  prevents  saturation  and  acts  to  extend  the  operating 
range  of  the  PTN,  allowing  it  to  play  a  role  over  a  very  wide 
range  of  output  force  levels." 

In  reviewing  his  previous  work  Evarts  (1967)  takes 
to  task  his  own  research  question  which  asks  whether  the 
discharge  of  PTNs  is  related  to  force  or  to  displacement. 

He  concludes  that  the  question  is  "...trivial  and  sterile", 
since  movement  must  a  priori  be  related  to  force  and  in 
voluntary  action  one  cannot  separate  force,  direction  and 
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duration . 

As  an  extension  of  his  work  Evarts  reported  another 
study  (1969)  in  which  monkeys  had  to  maintain  the  position 
of  a  lever  for  10  secs  for  a  reward.  During  the  task  the 
load  and  direction  opposing  the  maintenance  of  the  position 
was  varied,  and  the  PTN  response  recorded.  The  task  was 
practised  to  a  stereotype  level.  It  was  found  that  the  PTN 
activity  varied  in  relation  to  the  pattern  of  muscular  con¬ 
traction  and  the  amount  and  direction  of  force  exerted  during 
maintenance  of  the  position.  Together  with  Evarts  previous 
findings  these  observations  indicate  that  the  output  of 
cells  of  the  precentral  motor  cortex  is  related  to  the  mus¬ 
cular  activity  causing  the  action  rather  than  the  joint  dis¬ 
placement  or  steady  joint  position  resulting  from  the  mus¬ 
cular  activity.  The  additional  finding  is  reported;  "... 
that  a  given  PTN  may  be  active  during  many  different  move¬ 
ments  -  more  intensely  in  some  and  less  intensely  in  others. 

A  PTN  which  is  strongly  involved  in  shoulder  movements  may 
be  weakly  involved  in  wrist  movements  -  presumably  because 
movements  of  the  wrist  depend  on  the  coordinated  activity 
of  the  muscles  of  the  upper  extremity  as  a  whole."  (1969). 

From  Evarts  work  it  may  be  concluded  that  the  activity 
of  those  cells  which  were  shown  to  be  associated  with  mus¬ 
cular  activity  was  correlated  with  gross  characteristics 
of  the  overt  performance.  But  this  population  of  neurons 
from  which  recordings  were  taken  constituted  only  1/3  of 
the  cells  initially  entered.  It  may  well  be  that  the  aug- 
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meriting  and  inhibitory  effect  of  other  cortical  cells  will 
not  show  as  simple  a  relationship  with  the  performance, 
and  therefore  in  grosser  type  recordings  taken  from  the 
scalp  the  finer  details  of  the  performance  may  be  confused 
with  other  functions.  The  work  of  Preston  and  co-workers 
(1967)  is  related  to  this,  in  that  it  concerns  the  function 
of  the  motor  cortex  in  inhibiting  postural  mechanisms  so 
that  volitional  movements  may  be  initiated. 

In  this  series  of  studies  Preston  et_  al_.  (  1967)  concern 
themselves  with  analysis  of  the  pattern  of  influence  exerted 
on  segmental  motoneurons  by  volleys  initiated  from  pyramidal 
cells,  and  transmitted  to  the  periphery  via  the  pyramidal 
tract.  All  but  the  pyramidal  tract  was  severed  at  the  brain- 
stem  level.  From  their  early  work  they  suggest  "that  differ¬ 
ing  magnitude  of  cortical  inhibition  in  the  different  moto¬ 
neuron  populations  might  be  related  to  their  role  in  maintain¬ 
ing  antigravity  posture.  For  the  motor  cortex  to  play  a  role 
in  the  initiation  of  volitional  movements  it  is  necessary 
that  the  tonic  antigravity  postural  mechanisms  be  arrested 
to  permit  volitional  movements  to  occur."  They  found,  in 
the  cat  and  the  baboon  that  those  muscles  involved  in  anti¬ 
gravity  function  received  inhibition  from  motor  cortex,  and 
that  the  difference  in  inhibition  between  the  two  animals 
was  related  to  the  different  muscular  requirements  in  their 
two  postures.  They  compared  the  inhibition  of  the  forearm 
with  that  of  the  hind  limb  and  found  that  the  motoneurons 
innervating  the  intrinsic  musculature  of  the  baboon  hand 
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receive  only  a  facilitatory  effect  from  the  motor  cortex 
in  the  pyramidal  preparation.  Also  in  the  primate,  they 
found  that  in  elbow  movements  cortical  inhibition  was  found 
in  the  flexor  motoneurons  rather  than  the  extensors.  Since 
these  experiments  used  external  stimulation  of  the  cortex 
conclusions  drawn  from  them  must  be  guarded,  but  they  never¬ 
theless  suggest  that  with  gross  type  recordings  from  the 
scalp,  neural  activity  which  is  recorded  may  represent 
inhibitory  components  as  well  as  facilitatory  ones.  Some 
of  them  would  therefore  be  associated  with  nonactivity  of 
muscle  and  others  with  contractile  muscle  action.  This  would 
mean  that  the  relationship  between  motor  potentials  and  EMG 
or  force  traces  would  not  be  a  simple  function,  or,  that 
certain  components  of  the  NIP  would  be  related  to  these  other 
parameters  and  other  components  not  related.  This  work,  along 
with  that  of  Creutzfeldt  (1966)  and  of  Evarts  (referred  to  pre¬ 
viously)  would  suggest  that  positive  deviations  of  the  motor 
potential  may  well  represent  the  inhibition  of  postural 
muscular  action  or  signals  concerned  with  the  arresting  of 
the  movement. 

2 . 2  Outlets  from  the  Motor  Cortex  Other  than  Pyramidal  Tract 

Most  of  the  work  reviewed  so  far  relates  to  the  large 
cells  of  the  motor  cortex  which  have  their  outlet  to  the 
periphery  through  the  pyramidal  tract.  But  in  recordings 
from  the  surface  of  the  cortex  or  the  scalp,  the  activity 
of  other  cells  which  do  not  have  a  direct  outlet  will  be 
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picked  up.  Where  averaging  techniques  are  used  to  eliminate 
non-time-locked  responses  the  activity  of  the  so-called 
extra-pyrami dal  cells  may  well  be  recorded  since  their  sig¬ 
nals  also  play  onto  the  final  common  pathway  to  the  muscle. 
Denny-Brown  (1967)  reviews  much  of  his  work  which  includes 
the  effects  of  ablation  of  the  cortex  and  sectioning  of 
different  pathways  and  states  "The  pyramidal  system  appears 
to  require  a  substrate  of  extra-pyrami dal  activity  without 
which  it  is  ineffective.  Its  highly  selective  function  also 
requires  a  direct  pathway  to  the  spinal  segments,  though  it 
is  related  to  extra-pyramidal  function  at  all  levels."  Denny- 
Brown  also  states  that  through  inhibitory  effects  each  area 
6  of  Brodman  appears  to  have  a  direct  control  over  extra- 
pyramidal  effects  of  both  hemispheres  through  motor  centres 
at  the  pontine  level  (Denny-Brown,  1967,  p.  441). 

Lawrence  and  Kuypers  (1965)  investigate  the  contribu¬ 
tion  of  pyramidal  and  extra-pyramidal  pathways  in  freely 
moving  animals.  The  pyramidal  tracts  of  their  monkeys  were 
interrupted  at  the  medullary  level.  After  seven  weeks  of 
recovery  all  monkeys  with  hi s tol ogi cal ly-demons trated  bi¬ 
lateral  interruption  of  the  pyramids  were  able  to  perform 
all  gross  body  movements  with  a  great  degree  of  skill,  but 
independent  finger  movements  never  returned  and  all  movements 
remained  slower  and  fatigued  more  rapidly  than  in  normal 
animals. 

In  support  of  this,  the  work  reviewed  by  Glickman  and 
Schiff  (1967)  on  neocortical  regulation  of  motor  sequences. 
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which  includes  studies  using  partial  ablations  of  the  cortex 
suggest  that  many  basic  "...manipulatory  or  consumatory 
patterns  are  "coded"  in  the  brainstem  but  depend  on  the 
neocortex  for  proper  ordering  and  elicitation."  Glickman 
and  Schiff  also  quote  the  work  of  Lewis  and  Brindley  (1965) 
who  showed  that  section  of  the  medullary  pyramids  results  in 
small  changes  in  latency  and  threshold,  but  not  in  the  basic 
form  of  movements  evoked  by  electrical  stimulation  of  the 
cortex.  They  also  refer  to  Goldberger's  work,  who,  after 
combined  spinal  cord  and  cortical  lesions  states;  "...resi¬ 
dual  voluntary  motor  function  seemed  to  depend  upon  the 
integrity...  of  the  extra-pyramidal  tracts  of  the  spinal 
cord.  These  tracts  may  have  a  more  important  function  in 
the  control  of  motor  activity  than  has  previously  been  recog¬ 
nised."  Glickman  and  Schiff  make  the  final  statement  that 
"The  traditional  corti co-spi nal  paths,  with  their  fine  grained 
topographic  organization  may  serve  primarily  to  provide  the 
subtle  facilitatory  influences  critical  for  extremely  precise 
motor  control . " 

From  the  above  mentioned  evidence  it  is  to  be  expected 
that  recordings  taken  from  the  scalp  above  the  motor  cortex 
will  represent  the  activity  of  all  cells  of  that  region, 
including  pyramidal  and  those  which  play  on  extra-pyramidal 
pathways  and  as  a  result  should  be  associated  with  both  the 
overall  pattern  of  movement  derived  from  non-direct  pathways, 
and  the  speed  and  precision  derived  from  the  pyramidal  tract 
neurons.  The  assumption  made  is  that  the  record  derived 
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from  the  scalp  above  the  precentral  gyrus  represents  the 
activity  of  all  cells  which  are  associated  with  characteris¬ 
tics  of  the  muscular  activity.  On  the  basis  of  selective 
ablation  studies  and  cell  counts  reported  in  Walberg  (1953) 
it  is  quite  evident  that  not  more  than  30  to  40%  of  PTNs 
originate  in  the  precentral  gyrus.  Many  of  the  PTNs  arise 
in  the  parietal  lobe,  and  temporal  and  occipital  cortex  seem 
to  contribute  some.  Nevertheless,  the  evidence  from  the  stu¬ 
dies  of  Evarts,  previously  cited  in  p.  12  and  that  from  the 
studies  of  Vaughan  and  co-workers  seems  to  indicate  that  all 
the  functions  of  the  cortical  motor  cells  are  represented 
in  the  precentral  gyrus.  So  it  seems  that  the  other  pyramidal 
tract  neurons  with  somata  located  in  areas  other  than  the 
precentral  motor  area  either  serve  another  function  or  are 
just  augmenting  the  function  of  the  large  Betz  cells  in  the 
motor  cortex. 

2 . 3  Populations  Versus  Single  Neurons 

Freeman  (1963)  stated;  "The  interpretation  of  single 
cell  recordings  is  severely  limited  in  correlations  with 
molar  behaviour  by  problems  of  population  sampling.  The  realm 
of  effective  use  of  EEG  data  lies  not  in  the  analysis  of  the 
cellular  mechanism  of  the  cortex,  but  rather  in  synthesis  of 
the  framework  within  which  analyses  can  be  carried  on."  Since 
not  all  cells  operate  at  the  same  time  during  overt  activity 
the  time  pattern  which  relates  the  firing  of  cells  will  be 
important  in  the  prediction  of  the  muscular  outcome.  It  is 
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therefore  reasonable  to  undertake  research  relating  the  func¬ 
tion  of  whole  populations  of  neurons  to  the  characteristics 
of  motor  performance.  Later  in  his  review.  Freeman  indicates 
his  belief  that  one  pair  of  electrodes  will  suffice  to  pro¬ 
vide  "...almost  all  the  information  on  the  function  of  the 
cortex  that  the  EEG  is  able  to  convey  relevant  to  behaviour". 
Although  this  is  an  overstatement  of  the  case  his  point  is 
well  taken  that  examination  at  the  cellular  level  may  not 
give  the  best  correlation  with  molar  activity. 

In  order  to  use  the  techniques  of  cellular  recording 
and  yet  relate  to  gross  motor  performance  Humphrey  ejt  aK 
(1970)  recorded  simultaneously  from  several  individually 
selected  neurons  of  the  motor  cortex  of  monkeys  during  simple 
arm  movements.  Their  task  was  similar  to  the  one  used  by 
Evarts  (1967)  where  the  animal  flexed  and  extended  the  wrist 
against  variable  resistance.  The  firing  rates  for  all  cells 
sampled  were  summed  for  each  point  in  time  and  were  corre¬ 
lated  with  displacement,  velocity,  force  and  dF/dt,  these 
dependent  variables  being  measured  on  the  task  apparatus.  As 
the  animals  performed  the  required  movements  five  electrodes 
were  inserted  into  the  cortical  area  centred  at  the  forearm 
region  of  the  contralateral  motor  cortex.  Not  only  did  they 
find  that  the  rate  of  firing  of  the  population  sampled  corre¬ 
lated  significantly  with  the  characteristics  of  the  perform¬ 
ance,  but  also,  as  the  number  of  units  recorded  was  increased 
the  mean  percentage  prediction  error  was  reduced.  From  these 
experiments  it  can  be  seen  that  as  the  sampled  population 
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increased  in  size  the  correlation  with  performance  parameters 
increased.  Humphrey  used  only  from  one  to  five  cells  in  his 
recordings.  It  is  reasonable  to  assume  that  if  the  popula¬ 
tion  had  been  increased  still  further  the  prediction  error 
would  have  been  further  reduced.  Although  Humphrey's  inte¬ 
grated  records  may  have  allowed  inclusion  of  extra  parameters, 
they  give  some  support  for  recording  from  larger  populations 
of  neurons. 

2 . 4  Topographical  Relation  Between  the  Cranium  and  the  Cortex 

One  of  the  difficulties  in  taking  scalp  recordings  to 
represent  a  particular  population  of  underlying  neurons  is 
the  fact  that  the  cortex  does  not  lie  in  a  constant  relation¬ 
ship  to  the  topography  of  the  cranium.  As  a  result  a  parti¬ 
cular  point  on  the  cranium  may  overlie  a  given  population  of 
cells  in  one  subject  and  a  somewhat  different  population  in 
another  subject.  However,  Schal tenbrand  and  Bailey  (1959) 
state,  in  their  stereotaxic  atlas  of  the  human  brain,  that  if 
the  upper  end  of  the  Rolandic  fissure  is  taken  approximately 
1  cm.  posterior  to  the  midpoint  between  the  nasion  and  inion 
the  error  is  not  likely  to  be  greater  than  1.5  cms .  in  either 
direction.  Where  the  i nterauri cul ar  line  crosses  this  divi¬ 
sion  is  the  vertex.  Vaughan  (1968)  found  that  if  a  line  from 
the  vertex  to  a  point  2.5  cms.  anterior  to  the  tragus  were 
used  to  represent  the  inclination  of  the  central  sulcus,  the 
maximum  amplitude  of  motor  potentials  concerned  with  the  func¬ 
tion  of  the  hand  was  obtained  in  a  zone  2-5  cms.  lateral  to 
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the  midline.  In  another  study  Gilden  et_  aK  used  an  elect¬ 
rode  placement  a  little  more  lateral  to  this  (3  ins.  from 
the  midline)  and  obtained  similar  recordings  (1966). 

In  a  series  of  studies  Woolsey  et_  aj_.  (  1952)  mapped 
the  motor  cortex  of  monkeys  and,  in  effect,  supported  the 
above  method  of  location  of  the  hand  and  arm  area  of  the 
motor  cortex.  The  elbow  flexion  and  extension  areas  were 
located  a  little  way  apart,  but  not  so  far  that  one  electrode 
could  not  pick  up  the  activity  of  cells  in  both  areas.  This 
is  supported  by  the  mul ti -cel  1 ul ar  work  of  Humphrey  et  al . 
(1970)  who  sampled  cortical  cells  from  an  area  2  mm  by  3  mm. 
The  microelectrodes  which  they  used  were  so  close  together 
that  an  overlap  of  flexion  and  extension  areas  is  suggested. 
From  this  it  is  reasonable  to  assume  that  since  the  electri¬ 
cal  field  will  have  spread  more  widely  in  transit  to  the 
scalp,  scalp  recordings  through  one  electrode  may  be  used 
to  sample  the  activity  of  cells  concerned  with  the  actions 
of  both  flexion  and  extension. 

2 . 5  Characteristics  of  Scalp  Motor  Potential  (MP) 

In  a  series  of  articles  by  Vaughan  et_  aK  (  1965  ,  1966  , 
1968,  1970)  relationships  were  examined  between  characteris¬ 
tics  of  motor  performance  and  potentials  recorded  from  the 
area  of  scalp  presumed  to  be  above  the  motor  cortex.  They 
used  the  10-20  system  of  electrode  placement  in  order  to 
locate  C3  and  C4  above  the  motor  cortex.  The  directions  of 
Schal tenbrand  and  Bailey  (1959)  were  followed  in  order  to 
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locate  the  specific  area  required.  The  scalp  potential 
recorded  is  almost  identical  to  the  transcortical  recordings 
taken  from  monkeys.  Referring  to  the  potentials  recorded 
through  cortical  electrodes  in  monkeys  Vaughan  states  the 
following;  "This  MP  is  comparable  in  all  respects  to  the  MP 
obtained  in  man."  In  the  study  reported  in  1968  Vaughan  found 
similar  wave  forms  from  6  subjects,  each  recorded  from  the 
scalp  during  the  performance  of  the  same  task.  The  monkey 
motor  potential  and  the  human  one  are  shown  below  for  com¬ 
parison  . 


P2 


Monkey  MP  (Vaughan,  1970)  Human  MP  (Vaughan,  1968) 


Although  the  configuration  of  the  motor  potential  is  the  same, 
the  amplitude  of  the  different  components,  when  taken  from 
the  scalp,  is  much  smaller  hence  requiring  greater  amplifi¬ 


cation  . 
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From  the  human  motor  potential  recorded  from  the  scalp, 
shown  above,  the  following  four  main  components  can  be  seen: 

(1)  A  slow  negative  shift  of  about  5  microvolts  which 
begins  variably  between  0.5  and  2.0  secs,  before 
the  onset  of  the  EM6.  This  component  is  labelled 
N1  and  has  been  previously  demonstrated  by  Walter 
(1964)  to  be  associated  with  the  preparation  to  act. 

(2)  A  small  positive  wave,  PI,  (not  always  present) 
of  variable  amplitude  beginning  25  to  100  msecs, 
prior  to  the  EMG. 

(3)  A  sharp  negative  going  phase,  N2,  which  occurs 
either  as  an  increased  negativity  of  N1  or  as  a 
falling  phase  of  PI.  This  deviates  down  to  app¬ 
roximately  -20  microvolts  below  the  baseline. 

In  almost  all  cases  the  EMG  begins  during  the  fall¬ 
ing  phase  of  N2. 

(4)  A  positive  wave,  P2,  this  occurs  towards  the  end 

of  muscle  action  and  does  not  terminate  until  after 
the  end  of  the  EMG;  this  is  associated  with  the 
termination  of  muscle  action  as  indicated  in  the 
EMG.  The  amplitude  of  P2  varies  around  15-30 
mi crovol ts . 

The  analog  wave  forms  obtained  by  Vaughan  (1965,  1968,  and 
1970)  and  by  Gilden  (1966)  clearly  show  that  certain  aspects 
of  the  MP  are  associated  with  some  of  the  components  of  the 
muscular  action. 

Karlin  (1970)  recorded  potentials  above  the  vertex  dur- 
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ing  a  discrimination  task  where  one  response  was  to  raise 
the  finger  from  a  noiseless  key  and  the  other  was  to  give 
no  overt  response.  He  found  that  late  positive  components 
of  the  potential,  similar  to  P2  of  the  motor  potential,  were 
significantly  increased  when  the  overt  response  was  withheld. 
This  could  be  interpreted  as  electrical  activity  inhibiting 
the  firing  of  pyramidal  tract  neurons,  similar  to  that  found 
in  the  work  of  Creutzfeldt  e_t  al_.  (  1966)  and  of  Jasper  and 
Stephanis  (1965). 

2 . 6  The  Relation  of  Components  of  MP  to  Muscular  Performance 

Considering  the  basic  wave  form  of  the  motor  potential 
obtained  by  Vaughan  and  co-workers  as  reported  in  this  chapter, 
PI  could  be  the  inhibition  of  any  postural  function,  which 
would  need  to  be  eliminated  before  the  required  motor  act 
could  be  performed.  This  possibility  is  supported  by  the 
work  of  Preston  and  of  Evarts  (see  Section  2.1)  and  would 
be  a  positive  going  phase. 

Also  on  the  basis  of  the  previously  reported  literature, 
it  would  be  expected  that  when  muscular  activity  is  occurring, 
pyramidal  tract  neurons  will  be  fired  and  a  negative  going 
wave  will  be  recorded.  The  biophysical  work  reported  by 
Hubbard  (1969)  on  the  generation  of  electrical  fields,  supports 
the  idea  of  a  negative  field  at  the  cortex  surface  being 
associated  with  the  firing  of  PTNs.  This  is  also  adequately 
demonstrated  in  the  records  of  Creutzfeldt  (1966)  and  Jasper 
and  Stephanis  (1965). 
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Based  on  the  same  kind  of  evidence  it  is  reasonable 
to  expect  that  as  an  action  is  stopped,  inhibitory  synaptic 
activity  in  the  cortex  will  take  place,  this  electrical 
field  being  recorded  at  the  surface  of  the  cortex  (or  on  the 
scalp)  as  a  positive  going  wave. 

These  characteristics  of  the  motor  potentials  were 
recorded  by  Vaughan  (1970)  during  a  prolonged  muscular  con¬ 
traction.  It  is  anticipated  that  similar  phenomena  may  be 
displayed  during  the  tasks  performed  by  the  subjects  in  this 
study . 

Since  Vaughan  (1970)  demonstrated  a  negative  shift  in 
the  baseline  during  a  given  level  of  muscular  work,  it  may 
well  be  that  different  intensities  of  muscular  force  will  be 
associated  with  different  displacements  of  the  baseline. 

Also  it  may  be  shown  that  as  force  is  increased  so  the  nega¬ 
tive  shift  will  increase. 

The  work  of  Gilden  (1966),  Karlin  (1970)  and  Vaughan 
et_  aK  (1965  ,  1  968,  1970)  has  demonstrated  the  occurrence  of 
a  negative  going  aspect  of  the  MP  at  the  beginning  of  the 
muscular  activity.  In  these  studies  this  relationship  has 
varied  very  little  on  the  time  base.  Since  this  is  so,  the 
negative  going  phase  (or  a  criterion  point  on  it)  may  be  use¬ 
ful  in  predicting  the  timing  of  the  beginning  of  motor  acts. 
But  if  these  acts  follow  closely  on  one  another,  the  late 
components  of  one  MP  may  be  confused  with  the  early  components 
of  the  next.  Allison  (1962)  showed  that  when  the  scalp  poten¬ 
tial  was  evoked  by  an  external  stimulus  the  test  response  was 
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never  completely  obliterated  even  though  interstimulus  inter¬ 
vals  between  pairs  were  reduced  down  to  three  milliseconds. 

"The  first  components  always  being  di scernabl e . "  If  the  same 
holds  true  for  motor  potentials,  then  it  may  be  possible  to 
use  the  first  component  of  succeeding  responses  to  indicate 
the  timing  of  voluntary  movements,  even  when  the  different 
components  of  the  task  are  relatively  close  together. 

2 . 7  Chapter  Summary 

The  hypotheses  at  the  beginning  of  Chapter  III  are 
stated  with  the  basic  objective  of  examining  the  time  rela¬ 
tionships  between  dominant  components  of  the  motor  potential 
and  the  rise  and  fall  of  muscular  activity  and  the  force 
generated  by  these  contractions. 

The  rationale  for  the  parameters  used  in  this  study  is 
based  to  a  great  extent  on  the  literature  reviewed  in  this 
chapter. 

If  extensions  of  this  work  are  to  be  conducted  on  hu¬ 
mans  without  medical  supervision  then  the  measurement  of 
cerebral  function  must  be  obtained  from  the  scalp  using  sur¬ 
face  electrodes.  Research  using  this  form  of  transduction 
to  examine  the  relationships  between  cortical  function  and 
parameters  of  motor  performance  has  been  reviewed. 

Since  the  active  tissue  producing  the  performance  is 
muscle,  the  most  closely  related  parameter  indicating  the 
motor  response  is  the  EMG .  Without  muscle  activity  no  force 

would  be  applied  and  no  displacement  occur  in  the  task.  There- 
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fore,  as  in  the  research  of  Evarts ,  Vaughan  and  others 
reported  in  this  chapter,  EMG  will  be  one  of  the  parameters 
measured . 

It  is  possible  for  opposing  muscles  to  overlap  in  their 
action  and  as  a  result  produce  no  overt  manifestation  of 
their  activity,  therefore,  to  assess  their  effectiveness  in 
the  resulting  movement,  two  performance  parameters  were  mea¬ 
sured.  A  force  measurement  was  included  in  the  work  of 
Evarts  and  of  Vaughan  as  reported  above.  This  is  important 
since  it  represents  all  muscular  activity  contributing  to 
the  performance,  whereas  EMG  cannot  be  guaranteed  to  do  this 
unless  all  muscles  which  can  possibly  contribute  are  monitored. 
Displacement  of  the  limb  indicates  when  the  force  applied  by 
the  muscles  has  become  effective  in  producing  movement,  and 
hence  discriminates  between  isometric  and  isotonic  contrac¬ 
tion.  Angular  displacement  of  the  limb  is  therefore  used  in 
this  study,  as  in  the  research  of  Evarts,  but  is  of  less 
importance  than  EMG  or  force  since  it  can  only  have  a  third 
order  relationship  with  the  motor  potential,  via  the  muscular 
activity  and  the  force  generated  by  it. 
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CHAPTER  III 


PROCEDURES 

The  procedures  used  in  this  experiment  are  supported 
in  the  main  by  the  literature  reviewed  in  Chapter  II.  Those 
techniques  not  covered  in  the  review  follow  logically  from 
the  problem,  which  is  outlined  in  Chapter  I. 

3 . 1  The  Motor  Task 

As  in  the  studies  of  Vaughan  (1965,  1968,  1970)  it 
was  necessary  to  choose  a  task  which  would  provide  the  nece¬ 
ssary  data  and  yet  be  relatively  invariate  so  that  process¬ 
ing  in  the  computer  would  make  the  relevant  wave  forms  stand 
out  rather  than  obscuring  them.  Easy  isolation  of  the  body 
parts  was  necessary,  so  that  the  muscles  used  could  be 
determined  and  the  electrodes  readily  located  above  the 
active  parts.  So  that  the  computer  function  could  be  started 
reliably  by  the  rising  phase  of  the  EMG,  the  muscles  had  to 
be  capable  of  generating  a  sharp  initial  signal  in  the  chosen 
task.  A  task  which  made  low  demands  on  the  information  pro¬ 
cessing  capacity  of  the  subject  was  necessary  so  that  a 
stable  EEG  was  obtained  and  so  that  concentration  on  the 
performance  of  the  task  was  possible. 

The  basic  movement  chosen  was  flexion  and/or  extension 
of  the  elbow  as  explained  in  Section  3.1.2.  This  movement 
was  used  in  five  different  tasks  performed  in  order  from  the 
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simplest  to  the  most  complex. 

3.1.1  The  Basic  Position 

All  subjects  began  the  task  seated  in  a  chair  with 
eyes  fixed  on  the  sweep  hand  of  the  laboratory  clock.  The 
subject's  tongue  was  resting  on  the  floor  of  his  mouth,  the 
jaw  relaxed  and  the  lips  together.  The  non-performing  arm 
was  resting  easily  on  the  lap  and  the  right  arm  (when  not 
in  motion)  was  resting  on  the  elbow  platform  and  lever  handle 
in  a  totally  relaxed  state  (see  Fig.  20).  The  task  was  per¬ 
formed  while  maintaining  the  above  general  position  in  every 
experimental  condition. 

3.1.2  The  Movement 

A  serial  and  coherent  movement  was  used;  that  of 
flexion  and  extension  of  the  right  elbow  from  a  starting 
position  with  the  upper  arm  raised  laterally  to  the  hori¬ 
zontal,  the  elbow  flexed  to  an  angle  of  90°  and  the  hand 
pronated.  The  right  hand  gripped  the  handle  of  a  lever  which 
was  swept  from  left  to  right,  and  from  right  to  left  in  the 
horizontal  plane  against  the  resistance  of  a  friction  drum. 
The  flexion  and/or  the  extension  movement  was  initiated 
sharply  from  the  starting  position,  such  that  the  movement 
of  the  lever  was  not  delayed  while  muscular  force  was  built 
up  to  overcome  the  friction  of  the  friction  drum.  When  the 
lever  started  to  move  the  force  was  maintained  to  keep  the 
movement  at  a  constant  speed  throughout  the  excursion. 
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Each  excursion  covered  a  sweep  of  approximately  18 
inches.  The  subject  was  asked  to  stop  and  totally  relax 
the  arm  at  the  end  of  each  movement,  which  commenced  as  the 
sweep  hand  of  the  clock  passed  each  mark  on  the  clock  face. 
The  intervals  indicated  by  the  marks  were  three  seconds  in 
duration.  The  subject  was  told  that  if  he  wished  to  move 
his  position  in  any  way,  swallow  or. blink  the  eyes,  he  was 
to  stop  the  movement  and  totally  relax  the  performing  arm. 
Also  he  was  asked  to  try  and  do  as  many  repetitions  as  poss¬ 
ible  before  stopping,  and  to  try  and  maintain  the  basal 
condition.  A  few  practice  trials  were  given  to  the  subject 
to  enable  him  to  reproduce  on  the  oscilloscope,  the  sample 
wave  form  provided  by  the  administrator. 

3.1.3  Tasks  1  and  2 

Tasks  1  and  2  involved  single  separate  movements,  for 
each  task  starting  at  six  second  intervals  and  lasting  for 
approximately  one  second.  The  subject  tracked  the  sweep 
hand  of  the  clock  one  full  turn,  and  when  it  reached  the 
vertical  began  the  task  as  previously  instructed. 

Task  1  consisted  of  extension  movements  and  Task  2 
flexion  movements,  hence  Task  2  returned  the  arm  to  the 
starting  position  for  Task  1.  The  subject  performed  4  sets 
of  100  movements  in  each  direction  without  counting,  but 
maintaining  full  attention  by  tracking  the  sweep  hand  on  the 
clock  face  and  making  a  movement  as  it  passed  each  mark. 
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3.1.4  Task  3 

Task  3  involved  two  movements;  extension,  moving  the 
arm  from  left  to  right,  immediately  followed  by  flexion, 
moving  the  arm  from  right  to  left.  For  the  remainder  of  the 
dissertation,  this  task  will  be  referred  to  as  the  "return 
movement".  The  subject  was  instructed  not  to  tense  the  arm 
excessively  as  the  change  of  direction  was  made,  to  totally 
relax  between  trials  and  to  try  to  make  all  movements  the 
same  length.  The  subject  performed  4  sets  of  100  return 
movements  without  counting,  starting  each  trial  as  the  sweep 
hand  on  the  clock  face  passed  each  mark. 

3.1.5  Task  4 

Task  4  was  a  return  movement  as  for  Task  3  but  in  the 
opposite  direction.  The  subject  was  instructed  to  try  to 
give  a  mirror  image  of  the  performance  of  Task  3. 

3.1.6  Task  5 

Task  5  was  a  continuous  task  with  alternating  movements, 
performed  without  rest  until  the  required  number  of  trials 
had  been  completed.  In  order  to  control  for  the  effects  of 
extraneous  eye  movements  the  subject  was  asked  to  track  the 
sweep  hand  of  the  clock  until  the  task  was  completed.  The 
subject  performed  4  sets  of  100  movements. 

3 . 2  The  Motor  Task  Apparatus 


A  lever  was  designed  to  move  left  and  right  in  a  hori- 
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zontal  plane  against  the  resistance  provided  by  an  adjust¬ 
able  friction  drum.  A  hand  grip,  formed  to  take  the  shape 
of  the  fingers,  was  mounted  at  the  end  of  the  lever.  Above 
the  friction  drum  at  the  proximal  end  of  the  lever  was 
attached  a  sponge  covered  platform  on  which  the  subject 
rested  the  elbow  (see  Fig.  21).  A  laboratory  clock  which 
the  subject  observed,  had  a  9  inch  diameter  face  and  took 
15  seconds  to  sweep  the  360  degrees.  The  normal  clock  face 
was  covered  with  white  paper  on  which  high  contrasting  marks 
were  placed  to  represent  3  second  intervals.  The  clock  was 
placed  10  feet  away,  and  directly  in  front  of  the  subject. 

3 . 3  Measurement  of  Dependent  Variables 

The  rationale  underlying  the  selection  of  dependent 
variables  is  covered  in  Section  2.7  at  the  end  of  the  review 
of  literature,  and  the  method  of  relating  these  variables 
is  covered  in  Section  4.3  before  cons i dering  the  resultant 
relationships  in  the  different  tasks. 

3.3.1  Angular  Displacement  of  the  Arm 

A  variable  potentiometer  CRL  B16  1/5  was  inset  into 
the  platform  above  the  pivot  point.  The  bottom  arm  of  the 
potentiometer  was  attached  to  the  lever  and  moved  with  it. 
The  top  arm  was  fixed  to  the  mounting  at  the  back  of  the 
apparatus  and  remained  stationary.  As  the  arm  moved  the 
voltage  conducted  by  the  potentiometer  was  linearly  related 
to  the  angle  of  displacement  of  the  arm  (for  calibration 
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see  Appendix  E).  The  change  in  voltage  conducted  by  the 
potentiometer  was  suitably  amplified  through  a  Honeywell 
Accudata  113  amplifier.  After  amplification  the  wave  form 
was  monitored  on  a  Tektronics  2  channel  oscilloscope,  3603, 
written  out  on  a  Honeywell  strip  chart  recorder,  Visicorder 
1912,  as  a  permanent  visual  record,  and  recorded  on  magnetic 
tape  on  a  Hewlett  Packard  3911  instrumental  tape  recorder 
for  later  analysis. 

3.3.2  Force  Generated  by  the  Movement 

Attached  to  each  side  of  the  lever  was  a  Newark  strain 
gauge,  gauge  factor  2.02,  which  was  wired  as  part  of  a 
Wheatstone  Bridge.  The  change  of  electrical  potential  pro¬ 
duced  by  the  bridge  gave  an  indication  of  the  changes  in 
force  being  applied  to  the  lever  (for  calibration  see  Appen¬ 
dix  D).  The  varying  voltage  from  the  strain  gauges  was 
amplified  and  recorded  on  a  similar  system  to  that  described 
for  angular  displacement  immediately  above. 

3.3.3  Muscle  Potentials 

During  performance  of  the  movements,  muscle  potentials 
(EMG)  were  recorded  from  the  long  head  of  biceps  brachialis 
(flexor);  and  from  the  triceps  (extensor).  Basmajian  (1962) 
reviewed  electromyographic  research  and  reported  that  the 
long  head  of  biceps  acted  throughout  the  movement  of  flexion 
and  showed  more  activity  than  the  short  head  during  slow 
flexion  of  the  forearm.  On  the  action  of  extension  of  the 
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elbow  Basmajian  stated  that  "...the  medial  head  (of  triceps) 
is  always  active  and  appears  to  be  the  prime  extensor  of 
the  elbow." 

Silver  electrodes  10  mm  in  diameter  (separated  from 
the  skin  by  an  electrode  cup  containing  conducting  jelly) 
were  used  to  transduce  the  electrical  potentials  generated 
by  the  muscles. 

A  series  of  pilot  studies  was  conducted  to  check  the 
performance  of  the  electrodes  and  to  find  the  frequency 
range  on  the  amplifier  filters  giving  the  clearest  muscle 
signals.  The  frequency  range  selected  was  15  to  500  cycles 
per  second.  This  setting  gave  a  sharp  rise  in  the  EMG  from 
the  base-line  up  to  150  microvolts  (the  voltage  level  chosen 
to  trigger  an  analog  signal  averager,  described  later). 

The  EMG  signals  for  both  flexor  and  extensor  actions 
were  amplified  by  Honeywell  Accudata  135  EMG/EEG  amplifiers. 
These  have  an  input  impedance  of  10  megohms  and  a  frequency 
response  of  0.05  cps  to  5,000  cps ,  thus  being  capable  of 
amplifying  the  EMG  signals  without  distortion. 

3.3.4  Motor  Potentials 

Vaughan  ejt  aK  (1  965  ,  1968,  1970)  described  potentials 
recorded  from  the  scalp  and  from  the  surface  of  the  cortex 
which  were  associated  with  the  occurrence  of  muscular  acti¬ 
vity.  These  they  called  motor  potentials.  The  object  of 
this  study  is  to  relate  components  of  these  motor  potentials 
to  the  time  of  occurrence  of  the  rise  and  fall  of  the  EMG  and 
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force  waves.  For  the  recording  of  these  scalp  potentials 
it  was  necessary  that  the  electrodes  were  small  for  easy 
application  and  adjustment,  and  that  they  could  be  applied 
to  the  surface  of  the  scalp  so  that  any  future  application 
of  this  work  can  be  conducted  either  in  clinical  or  field 
situations  without  medical  attention.  The  characteristics 
required  of  the  electrodes  to  perform  the  above  function 
can  be  seen  in  Appendix  K. 

The  scalp  electrodes  used  in  this  study  were  made  by 
the  experimenter  to  the  same  specifications  as  those  used 
by  Skov  and  Simons  (1965)  for  in-flight  monitoring  of  EEG. 

The  actual  scalp  location  was  determined  using  a  tape 
measure  and  the  position  marked  with  a  skin  pencil.  A  small 
amount  of  hair  was  removed  to  accommodate  the  plastic  elect¬ 
rode  insert  which  was  1/4  inch  in  diameter.  The  surface  of 
the  skin  was  abraided  with  a  number  7  dental  bur  and  the 
electrode  insert  glued  in  place  using  medical  collodion. 

After  measurement  of  electrode  impedance  the  electrode  cap 
was  glued  in  place  over  the  small  plastic  insert.  Leads 
were  attached  to  the  electrodes  and  to  the  Honeywell  EEG/EMG 
preamplifier,  which  in  turn  was  coupled  to  the  main  Honeywell 
console.  The  EEG  was  amplified  by  a  Honeywell  Accudata  135 
amplifier  at  a  frequency  range  of  0.05  to  50  cycles  per 
second.  After  amplification  the  EEG  waveform  was  recorded 
on  paper  along  with  the  other  dependent  variables  by  the 
Honeywell  stripchart  recorder,  and  on  magnetic  tape  by  the 
Hewlett  Packard  3911  tape  recorder.  Using  the  preamplifier 
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and  Accudata  135  amplifier  provided  200,000  times  amplifica¬ 
tion.  Using  full  amplification  of  the  two  stages  gave  a 
full-scale  reading  of  1  volt  for  a  5  microvolt  signal. 

This  was  more  than  adequate  for  recording  on  magnetic  tape 
and  for  analysis  in  the  DEC  PDP8I  analog  computer. 

3 . 4  Subjects 

Three  graduate  male  students  aged  between  20  and  30 
years  were  chosen  from  the  population  available  at  the 
University  of  Alberta,  Faculty  of  Physical  Education.  The 

selection  of  subjects  was  based  on  availability,  freedom 

/ 

from  any  obvious  perceptual -motor  problems  and  being  right 
handed . 

3.4.1  Number  of  Subjects 

The  choice  of  using  only  three  subjects,  a  significant 
departure  from  most  studies  in  physical  education,  was  based 
upon  the  following  rationale.  This  research  is  basically 
to  establish  whether  in  any  human,  it  is  possible  to  predict 
the  onset  and  end  of  muscular  activity  from  dominant  aspects 
of  the  motor  potential.  If  this  prediction  was  supported 
it  would  then  be  possible  to  conduct  a  study  with  several 
subjects,  to  establish  the  variability  between  subjects  hence 
producing  not  only  a  tool  for  further  research,  but  also  a 
diagnostic  instrument  for  the  assessment  of  the  status  of 
patients  with  motor  performance  deficiencies. 

With  electrodes  applied  externally  to  the  scalp  as  in 


N 


37 


this  study,  the  experimenter  can  never  be  sure  that  the 
recording  is  being  taken  over  the  desired  cortical  area, 
even  though  the  motor  cortex  is  more  reliable  than  other 
cortical  areas  in  its  relationship  to  dominant  topographical 
points  on  the  cranium  (Cunningham,  1967;  Woolsey,  1952). 

The  use  of  three  subjects  gave  more  chance  of  recording  motor 
potentials  (presumably  generated  by  the  cortex)  which  were 
related  to  components  of  the  task.  It  also  provided  the 
opportunity  of  comparing  the  variability  among  three  sub¬ 
jects  as  an  indication  of  what  might  be  found  in  future. 

3.4.2  Handedness  of  Subjects 

Vaughan  (1965,  1968,  1970),  Gilden  (1966),  Karlin 
(1970)  and  others  have  demonstrated  that  scalp  potential 
recordings  are  clearer  and  less  transient  on  the  contralate¬ 
ral  side  of  the  motor  cortex  from  the  performed  movement. 
Consequently  handedness  tests  for  clear  right  hand  dominance, 
as  described  by  Provins  (1956)  were  considered  necessary. 
Results  of  these  handednOss  yests  are  shown  in  Appendix  A. 

3 . 5  Measurement  of  the  Data 

3.5.1  Occurrence  of  Coincident  Wave  Forms 

In  examining  the  time  relationships  among  traces, 
major  potentials  in  the  EEG  were  looked  for  in  association 
with  the  rise,  fall  and  end  of  force,  the  rise  and  fall  of 
the  EMG  and  the  beginning  and  end  of  displacement.  The 
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arrows  in  diagram  show  where  dominant  motor  potential  spikes 
were  looked  for  in  the  different  phases  of  EMG ,  force  and 
di spl a cement . 


EMG 


The  shape  of  the  EEG  was  also  examined  to  see  if  its  general 
form  followed  that  of  either  force  trace  or  EMG. 

3.5.2  Latency  Between  Relevant  Wave  Forms 

Where  dominant  wave  forms  on  the  different  traces  were 
related,  latencies  were  measured  between  these  components 
and  mean  latencies  and  range  of  latencies  were  determined. 
The  criterion  points  for  the  measurement  on  the  different 
wave  forms  were  as  follows: 
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(A)  On  the  E E G ;  after  scrutinizing  the  wave  form  it 
was  decided  to  use  the  peak  of  positive  or  nega¬ 
tive  components  since  the  rest  of  the  trace  was 
extensively  influenced  by  noise. 

(B)  On  the  EMG;  the  time  of  the  steepest  rise  in  the 
rectified  EMG  was  used  since  this  would  be  above 
any  muscular  noise  generated  by  general  muscle 
tension,  but  would  indicate  the  activity  related 
to  performance  of  the  task. 

A  general  idea  of  the  time  of  steepest  fall 
in  the  EMG  could  also  be  detected,  but  this  was 
not  clear  enough  for  a  definite  allocation  of  a 
time  point. 

(C)  On  the  force  trace;  the  time  points  chosen  were 
those  indicating  greatest  rise  in  force  and  great¬ 
est  fall  in  force,  since  these  were  likely  to  be 
related  to  the  steepest  rise  and  fall  in  EMG. 

(D)  Displacement  of  the  lever;  although  this  para¬ 
meter  was  of  secondary  interest  since  it  could 
show,  at  best,  a  third  order  relationship  with 
the  motor  potential,  time  points  were  examined 
indicating  the  beginning  and  end  of  movement. 

3 . 6  Experimental  Design 

Based  upon  the  problem  and  the  task  specifications 
essential  to  answering  the  problem,  the  following  design  was 


established. 


03  \.f©^  f  9TSW  9291  3  DJnia  ,93^01  rf  rffit  ^29 

. :  n  •:  o  o  f  9  bft  ?r  a I'g-ir  9  t  gr  .  6  >n 


40 


The  investigation  consisted  of  varying  a  single  factor 
with  five  levels,  Tasks  1  through  5  as  described  in  Section 
3.1  of  this  chapter.  Since  all  subjects  participated  in  all 
levels  of  the  experimental  factor,  the  design  adopted  can  be 
described  as  a  complete  block,  repeated  measures;  or,  a 
treatments  by  subjects  design. 

3 . 7  Order  of  Presentation  of  Tasks 

The  order  of  presentation  adopted  for  this  investiga¬ 
tion  was  that  of  sequential  order  from  Task  1  through  Task 
5  for  all  subjects.  The  reasons  for  adopting  such  an  order 
are  as  follows.  One  of  the  objectives  of  the  study  was  to 
determine  whether  some  component  of  the  motor  potential 
could  be  used  to  predict  the  onset  of  muscular  activity, 
not  only  in  discrete  spaced  movements,  but  also  in  serial 
movements  more  closely  spaced. 

Vaughan  (1965)  found  a  motor  potential  associated  with 
the  initiation  of  discrete  movements  at  three  second  inter¬ 
vals.  The  tasks  used  by  Vaughan  were  sharp  dorsiflexion 
of  the  foot,  dorsiflexion  of  the  wrist,  various  movements 
of  the  hand  and  movements  of  the  face  and  tongue.  Before 
proceeding  with  serial  movements  it  was  necessary  in  this 
study  to  demonstrate  a  similar  relationship  between  the 
motor  potential  and  the  flexion  and  extension  movements  of 
the  elbow  performed  as  discrete  tasks.  It  was  therefore 
logical  to  start  with  the  simplest  task  and  proceed  to  the 
more  complex. 
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Another  reason  why  the  increasing  order  of  complexity 
was  used,  was  to  see  if  automation  of  the  task  would  be 
demonstrated.  One  of  the  manifestations  of  automation  is 
the  serial  chaining  of  the  components  of  the  task  as  sugges¬ 
ted  by  Greenwald  (1970).  In  this,  the  situational  stimuli 
(as  demanded  by  the  experimental  condition)  are  replaced  by 
response  produced  stimuli.  These  response  produced  stimuli 
could  be  a  result  of  feedback  from  the  overt  performance  or 
short  loop  feedback  from  the  plan  of  performance  which  is 
being  fed  out  to  the  muscles.  In  the  application  of  serial 
chaining  to  this  experiment  the  following  may  be  stated. 

As  indicated  by  Vaughan  in  the  study  reported  in  1970,  waves 
coincident  with  both  the  rise  and  the  fall  of  muscle  acti¬ 
vity  may  be  manifest.  If  both  these  components  occur  for 
each  movement  and  if  they  are  negative  going  spikes  then  the 
non-automated  potentials  as  indicated  below  can  be  expected 
for  a  serial  task.  If  serial  chaining  takes  place  after 
continued  practice  then  automated  potentials  as  indicated 
below  may  take  their  place.  This  would  indicate  that  the 
spike  associated  with  stopping  has  become  the  spike  which  is 
also  associated  with  the  beginning  of  the  movement  which 
immediately  follows  (see  diagram  on  page  42). 

3 . 8  Pre-Experi men tal  Preparation 
3.8.1  Preparation  of  Equipment 


Before  the  subject  arrived  all  apparatus  was  turned  on 
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Non-Automated 
Potenti al s 
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Potentials  V  V  V 

sc  sc  sc 

and  warmed  up  for  30  minutes.  Amplifiers  were  preset  to  the 
gain  and  frequency  response  found  most  suitable  in  pilot 
studies.  Each  channel  of  information  was  positioned  appro¬ 
priately  on  the  strip  chart  recorder  and  calibration  spikes 
were  recorded;  25  microvolts  for  EEG,  1  millivolt  for  EMG1 
and  EMG2,  and  2  millivolts  for  force  and  displacement  channels. 

3.8.2  Preparation  of  the  Subject 

The  handedness  determination  was  carried  out  prior  to 
the  experiment.  One  or  two  days  before  the  experiment  the 
subject  was  given  instruction  on  the  basic  task.  These  in¬ 
structions  included  information  on  the  basic  position,  de¬ 
tails  of  how  the  movement  was  to  be  performed  and  the  speci- 
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fic  requirements  of  the  experimental  variations.  Examples 
of  the  noise  effect  of  extraneous  movements  on  the  record¬ 
ings  were  shown  to  the  subjects,  along  with  normal  traces 
(see  Appendix  C). 

When  the  subject  arrived  in  the  laboratory  he  was 
reminded  of  the  requirements  of  the  task  and  the  different 
variables  which  could  cause  artifacts  in  the  recordings. 

The  examples  (Appendix  C)  were  again  shown  to  the  subject. 
Instructions  to  the  subject  were  read  from  the  sheet  which 
he  had  previously  studied. 

3.8.3  Location  of  EEG  Electrodes 

In  order  to  sample  the  activity  of  appropriate  popula¬ 
tions  of  neurons  in  the  motor  cortex,  careful  placement  of 
electrodes  was  essential.  The  technique  used  for  location 
of  the  place  on  the  scalp  above  the  elbow  area  of  the  cortex 
on  the  left  hemisphere  was  based  on  the  recommendations  of 
Vaughan  et  aK  (1968),  who  plotted  the  median  motor  potential 
amplitudes  for  different  movements.  Reference  was  also  made 
to  the  homunculus  drawn  on  a  cross-section  of  the  hemisphere 
by  Penfield  and  Rasmussen  (1950);  and  to  Cunningham  (1967) 
who  outlines  a  practical  method  of  electrode  location. 

First,  the  nasion  (the  bone  junction  where  the  forehead 
joins  the  nose)  and  the  inion  (the  protruberance  at  the 
extreme  occipital  pole  of  the  cranium)were  located  and  the 
distance  between  these  measured.  At  the  half  distance  bet¬ 
ween  these  two  points  a  mark  was  made  on  the  scalp  with  a 
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skin  pencil.  A  line  was  then  taken  from  the  tragus  (the 
bone  junction  immediately  anterior  to  the  ear)  on  one  side 
of  the  head  to  that  on  the  other.  Where  the  mid-point  of 
this  line  crossed  the  nasion-inion  mid-point  was  marked, 
and  considered  to  be  the  vertex  of  the  skull.  This  measure¬ 
ment  technique  is  the  same  as  that  used  in  the  10-20  inter¬ 
national  system,  now  commonly  used  in  hospitals  and  recom¬ 
mended  by  Cooper  (1969).  From  the  vertex  a  point  was  lo¬ 
cated  3  cms  laterally  over  the  left  hemisphere,  on  the  vertex- 
to-tragus  line.  1  cm  anterior  to  this  point  was  taken  to  be 
the  scalp  location  directly  over  the  elbow  area  of  cortex. 

3.8.4  Measurement  of  Electrode  Impedance 

After  application  of  the  electrodes  as  indicated  in 
Section  3.3.4,  the  ski n-to-el ectrode  impedance  was  measured. 
For  this  a  variable  frequency  sine-wave  generator  and  an 
AC  impedance  bridge  were  used.  So  that  the  current  passed 
did  not  reach  a  level  of  any  danger  to  the  subject  it  was 
monitored  on  an  oscilloscope  and  was  held  at  25  millivolts. 
This  current  level  is  recommended  by  manufacturers  of  EEG 
equipment  (IMA  Electronics,  1971).  The  impedance  was  mea¬ 
sured  in  the  frequency  range  5-60  cycles  per  second.  These 
are  the  approximate  frequency  components  of  the  results 
reported  by  Vaughan  (1965,  1968)  and  Karlin  (1970)  in  their 
studies  on  motor  potentials.  Cooper  (1969)  recommends  that 
this  impedance  be  not  in  excess  of  5  K  ohms.  It  was  found 
in  the  EEG  Department  of  the  University  of  Alberta  Hospital 
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that  if  the  impedance  was  brought  down  to  approximately  2 
K  ohms  less  noisy  recordings  were  consistently  obtained. 

This  criterion  was  therefore  used  in  this  study.  After  the 
measurement  of  ski n-to-el ectrode  impedance  the  electrode 
caps  were  glued  firmly  in  place  using  collodion. 

3.8.5  Attachment  of  EMG  Electrodes 

As  indicated  in  Section  3.3.3  EMG  recordings  were 
taken  from  the  long  head  of  biceps  brachialis  and  from  tri¬ 
ceps.  On  biceps  the  electrodes  were  attached  approximately 
1  inch  apart  on  the  belly  of  the  lower  2/3  of  the  muscle. 
Redox  electrode  jelly  was  put  into  the  electrode  cups  which 
were  attached  to  the  arm  using  Beckman  two-sided  electrode 
stickers.  The  extensor  electrodes  were  similarly  attached 
to  the  medial  side  of  the  triceps  muscle  level  with  the 
insertion  of  the  deltoid. 

Since  the  EMG  electrodes  are  large  compared  with  those 
for  EEG,  and  since  the  muscle  potentials  are  also  larger, 
the  problem  of  impedance  is  not  vital  to  the  measurement, 
therefore  no  impedance  measures  were  taken  of  the  EMG  elect¬ 
rodes  . 

3.8.6  Positioning  of  the  Subject 

After  the  application  of  the  electrodes  the  subject 
was  seated  in  a  padded  upright  chair  looking  away  from  the 
recording  equipment  and  towards  the  experimental  clock. 

The  subject  was  given  the  general  instructions  concerning 
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the  task  and  was  reminded  to  avoid  those  actions  which  con¬ 
tributed  to  noisy  recordings.  The  room  lights  were  dimmed 
and  the  subject  given  one  or  two  trials  after  the  position 
of  the  arm  on  the  task  apparatus  was  checked.  During  these 
few  trials  the  signal  levels  were  checked  for  each  of  the 
dependent  variables  and  any  adjustments  made  to  the  record¬ 
ing  equipment. 

3 . 9  The  Experiment 

3.9.1  Single  Movement  (Tasks  1  and  2) 

The  specific  instructions  concerning  Tasks  1  and  2 
(see  Appendix  C)  were  read  to  the  subject,  the  experimental 
clock  was  started,  the  strip  chart  recorder  and  the  tape 
recorder  were  switched  on  and  the  subject  quietly  told  to 
begin  when  he  was  ready. 

During  each  series  of  trials  the  experimenter  counted 
the  number  of  sweeps  performed  as  they  were  recorded  on  the 
paper,  watched  for  abnormalities  in  the  performance  of  the 
subject  and  monitored  the  EEG  and  EMG1  on  the  two  channel 
oscilloscope.  It  also  proved  necessary  to  monitor  the  strip 
chart  write-out  in  order  to  watch  for  abnormalities  in  the 
performance  of  the  DC  amplifiers.  On  several  occasions 
base-line  drift  occurred  in  the  displacement  and  force 
recordings,  making  adjustments  to  the  amplifiers  necessary. 

After  each  50  sweeps  the  subject  was  stopped  if  he 
appeared  disturbed  in  any  way.  A  rest  of  1  minute  was 
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allowed  and  then  the  experiment  began  again  as  before.  The 
subject  was  stopped  after  every  100  sweeps,  allowed  to  re¬ 
move  the  performing  arm  from  the  apparatus  and  allowed  to 
relax  for  2  minutes.  The  above  procedure  was  continued 
until  the  subject  had  completed  4  sets  of  100  sweeps  of 
extension  and  4  sets  of  100  sweeps  of  flexion.  This  com¬ 
pleted  Tasks  1  and  2.  The  subject  was  then  allowed  to 
stand,  leave  the  task  apparatus  and  move  around  as  far  as 
the  electrode  leads  would  allow. 

3.9.2  Return  Movement  (Task  3) 

After  a  5  minute  rest  the  subject  returned  to  the  task 
apparatus,  assumed  the  basic  position  and  prepared  himself 
to  begin  the  new  task. 

The  specific  instructions  concerning  Task  3  were  read 
to  the  subject  and  this  phase  of  the  experiment  was  begun 
as  for  the  single  movement.  During  the  performance  the  ex¬ 
perimenter  monitored  the  subject  and  the  various  pieces  of 
equipment  making  adjustments  where  necessary,  counting  the 
number  of  sweeps  and  watching  for  abnormalities  in  the  data 
recorded  on  the  paper.  Rest  periods  were  provided  as  for 
the  single  movements. 

The  return  movement  in  Task  3  started  with  the  lever 
at  the  left  side  of  the  sweep,  moved  to  the  right  and  without 
rest  returned  to  the  left. 

After  completion  of  this  task  the  subject  was  again 


given  5  minutes  of  rest. 
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3.9.3  Return  Movement  (Task  4) 

The  Task  4  movement  started  at  the  right  side  of  the 
sweep,  moved  to  the  left  and  without  rest  returned  to  the 
ri ght . 

The  specific  instructions  concerning  Task  4  were  read 
to  the  subject,  an  additional  statement  being  made  that  he 
should  try  to  make  the  performance  a  mirror  image  of  Task  3. 
The  rest  of  this  phase  of  the  experiment  was  conducted  as 
for  the  previous  phase. 

3.9.4  Continuous  Movement  (Task  5) 

The  Task  5  movement  started  at  the  left  side  of  the 
sweep  and  continued  moving  to  right  and  left  without  pause 
until  the  set  of  sweeps  was  completed.  The  specific  instruc¬ 
tions  concerning  Task  5  (see  Appendix  C)  were  read  to  the 
subject  before  beginning  this  phase  of  the  experiment.  The 
subject  was  reminded  of  the  shape  of  the  force  waveform 
required  and  asked  to  maintain  concentration  for  the  remain¬ 
ing  portion  of  the  experiment. 

After  the  final  task  was  completed  the  electrodes  were 
removed  from  the  subject,  the  appropriate  skin  areas  were 
thoroughly  cleaned  and  the  subject  thanked  for  his  coopera¬ 
tion  . 
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3.10  Treatment  of  Data 

3.10.1  Examination  of  Visicorder  Write-Out 

The  five  channels  of  data  written  out  by  the  Visicor¬ 
der  were  examined  for  gross  abnormalities,  especially  of 
the  EE6  trace.  A  record  was  made  of  the  numbers  of  the 
sweeps  which  appeared  to  be  abnormal  so  that  during  averag¬ 
ing  they  could  be  eliminated  from  the  sweeps  which  were 
processed . 

3.10.2  Examination  of  Tape  Recorded  Data 

Samples  of  the  data  recorded  on  the  magnetic  tape  were 
examined  using  an  oscilloscope  to  check  for  adequacy  for 
averaging  and  for  voltage  level. 

3.10.3  Averaging  of  Recorded  Data 

A  DEC  PDP8I  laboratory  computer  was  used  to  obtain 
averages  of  prescribed  numbers  of  sweeps  for  the  different 
tasks.  The  averages  were  first  displayed  on  the  computer 
oscilloscope  and  then  written  out  on  graph  paper  using  a 
Hewlett  Packard  X-Y  plotter. 

3.10.4  Recording  of  Events  and  Calculation  of  Statistics 
Tables  were  collated  of  the  coincidence  of  dominant 

components  of  the  motor  potential  with  different  aspects  of 
the  EMG  and  force  traces. 

Means  were  calculated  of  the  latencies  between  the 
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motor  potential  components  and  the  steepest  rise  and  fall 
of  EM6  and  force  traces.  The  range  of  these  latencies  were 
also  determined.  These  statistics  were  calculated  wherever 
time  points  could  be  allocated  to  the  different  components 
of  the  wave  forms . 

In  addition  the  motor  potential,  EMG  and  force  traces 
were  examined  for  general  consistency  of  shape. 
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Fig.  1  Subject  1,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  2  Subject  1,  Task  1,  single  movement 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  -  5  microvolts. 
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Subject  1,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  4  Subject  2,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  5  Subject  2,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  6  Subject  2,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  7 


Subject  3,  Task 
EEG  calibration 
divisions  =  400 
scale,  1  d i v i s i 


1  ,  single  movement . 
-  hor .  scale,  10 
mi  1 1 i secs .  vert . 
on  =  5  microvolts. 
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Fig.  8 


Subject  3,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Subject  3,  Task  1,  single  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  400  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 


Fig.  9 


EMG1 


Fig.  10  Subject  1,  Task  3,  return  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  480  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 


EMG 1 


EEG 


FORCE 


DISPL. 


EMG2 


Fig.  11  Subject  1,  Task  3,  return  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  480  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  12  Subject  3,  Task  3,  return  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  480  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  13  Subject  3,  Task  3,  return  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  480  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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14  Subject  2,  Task  3,  return  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  480  millisecs.  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  15  Subject  2,  Task  5,  continuous  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  320  millisecs,  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  16  Subject  3,  Task  5,  continuous  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  340  millisecs.  vert, 
scale,  1  division  =  2.5  microvolts. 
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Fig.  17  Subject  3,  Task  5,  continuous  movement 
(double  epoch  time).  EEG  calibration  - 
hor.  scale,  10  divisions  =  680  milli- 
secs,  vert,  scale,  1  division  =  2.5 
microvolts. 
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Fig.  18  Subject  3,  Task  5,  continuous  movement 
(double  epoch  time).  EEG  calibration  - 
hor.  scale,  10  divisions  =  680  milli- 
secs,  vert,  scale,  1  division  =  2.5 
mi crovol ts . 
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Fig.  19  Subject  1,  Task  5,  continuous  movement. 
EEG  calibration  -  hor.  scale,  10 
divisions  =  320  millisecs,  vert, 
scale,  1  division  =  5  microvolts. 
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Fig.  21 


Task  apparatus,  elbow  resting  on  plat¬ 
form  above  friction  drum,  and  strain 
gauges  shown  on  side  of  lever. 
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Fig.  22  Impedance  measuring  equipment 


Fig.  23  Grip-strength  dynamometer 
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Fig.  24  Experimental  situation  and  equipment; 

left-right  impedance  measuring  equip¬ 
ment;  monitoring  oscilloscope;  tape 
recorder;  Honeywell  console;  task 
chair  and  equipment;  laboratory  clock. 
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CHAPTER  IV 


ANALYSIS 


4. 1  Hypotheses 

The  objective  of  the  study  was  to  examine  the  timing 
of  components  of  the  motor  potential  recorded  on  the  scalp 
which  were  associated  with  different  phases  of  muscular 
acti vi ty . 

On  the  basis  of  the  literature  reviewed  in  Chapter  II, 
and  the  objective  of  the  study,  the  following  hypotheses 
were  set  up. 

4.1.1  Single  Movement  (Tasks  1  and  2) 

HI:  A  dominant  component  on  the  motor  potential  will 
be  consistently  and  closely  associated  in  time 
with  the  beginning  of  the  steepest  rise  in  the 
force  trace. 

H2:  A  dominant  component  on  the  motor  potential  will 
be  consistently  and  closely  associated  in  time 
with  the  beginning  of  the  steepest  fall  in  the 
force  trace. 

On  the  bases  of  these  hypotheses  and  the  findings  of 
Vaughan  (1965),  Gilden  (1966),  Vaughan  (1968,  1970)  and 
Karlin  (1970),  the  following  wave  forms  may  be  expected  for 
isotonic  movements. 
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FORCE 


Alternate  to  this  motor  potential,  if  the  EEG  wave 
form  is  the  same  for  isotonic  as  for  isometric  performance, 
the  motor  potential  may  be  similar  to  that  produced  in 
Vaughan  et  aK 's  work  (1970). 
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H3:  A  dominant  component  on  the  motor  potential  will 
be  consistently  and  closely  related  to  the  steep¬ 
est  rise  of  the  EMG . 


H4:  A  dominant  component  on  the  motor  potential  will 
be  consistently  and  closely  related  to  the  steep¬ 
est  fall  of  the  EMG. 


4.1.2  Return  Movement  (Tasks  3  and  4) 

H5:  For  each  of  the  two  movements  in  the  return  trip, 

dominant  components  in  the  motor  potential  will 
show  the  same  relationships  with  force  and  EMG 
as  in  HI  ,  H2 ,  H3 ,  and  H4. 

On  the  basis  of  this  hypothesis  the  following  wave 
forms  may  be  expected  for  the  return  trip. 
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4.1.3  Continuous  Task 

H6:  For  all  movements  of  the  continuous  task  dominant 
components  of  the  motor  potential  will  show  a 
consistent  and  close  time-relationship  to  the 
steepest  rise  and  fall  of  EMG  and  force  traces, 
as  in  the  return  movement  task. 

4 . 2  Results 
4.2.1  Pilot  Studies 

Pilot  studies  were  conducted  at  different  stages  in 
the  development  of  the  measurement  system  and  in  the  experi¬ 
ment. 

Electrodes  for  EEG  recording  were  constructed  as  in¬ 
dicated  in  Appendix  L.  These  were  tested  in  association 
with  the  Grass  encephal ographs  at  the  EEG  Department  of  the 
University  of  Alberta  Hospital.  The  records  obtained  were 
verified  as  being  typical  EEG's  of  high  quality. 

The  linear  response  of  force  and  displacement  appara¬ 
tus  was  tested  using  a  variety  of  resistance  and  angles. 
Calibration  graphs  for  these  are  shown  in  Appendices  D  and  E 

To  ensure  that  the  sight  and  sound  of  the  moving 
apparatus  did  not  influence  the  EEG  records  a  pilot  study 
was  conducted  in  which  the  subject  was  coupled  to  the  record 
ing  system  but  merely  sat  and  visually  tracked  the  hand  of 
the  clock  while  the  task  was  performed  by  the  experimenter. 
In  the  processing  of  the  data  the  averager  was  triggered 
from  the  voltage  generated  by  the  force  equipment.  The  re¬ 
sultant  wave  forms  are  shown  in  Appendix  K. 
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4.2.2  Treatment  of  Data 

Examination  of  the  analog  data  was  carried  out  by 
means  of  a  PDP8I  laboratory  computer  with  packaged  programme 
for  averaging  of  transient  signals.  This  gave  averages  of 
the  prescribed  number  of  sweeps  according  to  the  following 
formula:  Average  of  jth  data  point  for 

N 

N  sweeps  =  £  Aij/N 

i  =1 

In  the  averaging  process  all  random  signals  (such  as  electri¬ 
cal  noise  and  non-relevant  neural  potentials)  are  exten¬ 
sively  reduced  leaving  the  time -locked  signal  in  greater 
relief  from  the  noise  in  which  it  was  originally  embedded. 

In  order  to  relate  the  motor  potential  to  the  muscular 
activity  the  EMG  was  used  to  trigger  the  average.  The  EMGs 
were  rectified  before  being  fed  into  the  trigger  connection 
of  the  PDP8  computer  so  that  the  first  major  muscle  spike 
on  the  EMG  would  start  the  sweep  whether  it  was  a  negative 
or  a  positive  going  spike.  In  order  to  avoid  low  level 
muscular  noise  the  trigger  was  set  at  approximately  150 
microvolts  for  the  muscular  movements  (this  is  equal  to  0.3 
volts  amplified  voltage  as  recorded  on  the  tape).  The  sweep 
time  was  set  to  cover  most  of  the  inter-movement  interval. 
Although  this  reduced  the  number  of  data  points  allocated 
to  the  actual  motor  potential  it  avoided  extraneous  muscular 
spikes  triggering  the  averager  at  the  wrong  time. 

Vaughan  (1965)  indicated  that  some  of  the  relevant 
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components  of  the  motor  potential  occurred  during  the  period 
of  time  shortly  before  the  onset  of  the  muscular  response. 
Consequently  the  information  which  came  into  the  computer 
during  this  pre-response  period  was  also  processed  and  in¬ 
cluded  on  the  traces  written  out  on  the  X-Y  plotter.  The 
period  of  time  between  the  beginning  of  the  wave  form  and 
the  sharpest  rise  of  the  first  EMG  can  be  deduced  from  the 
time-base  on  each  figure. 

For  Tasks  1  and  2  the  sweep  time  was  set  at  5  seconds, 
the  movements  beginning  at  6  second  intervals.  EMG2  was 
used  as  the  trigger  for  the  flexion  movement  and  EMG1  as 

the  trigger  for  the  extension  movement.  For  Task  3  EMG1  was 

used  as  the  trigger  and  for  Task  4  EMG2.  The  sweep  time  in 

these  cases  being  2.5  seconds.  In  order  to  examine  both 

motor  potentials  in  Task  3,  sweeps  were  first  averaged  using 
EMG1  as  the  trigger  and  then  EMG2 .  In  this  way  it  was  poss¬ 
ible  to  examine  the  second  of  two  sequential  motor  potentials. 

Averages  were  obtained  for  each  45  sweeps  from  the 
selected  tasks  for  each  subject.  This  number  was  selected 
after  examination  of  the  average  of  various  numbers  of 
sweeps  (see  Section  4.2.3).  Sets  of  averages  showing  good 
relationships  are  included  in  the  dissertation,  along  with 
a  few  showing  poor  relationships  for  comparison. 

The  average  of  each  45  sweeps  completed  by  the  PDP8 
was  written  out  using  an  X-Y  plotter.  All  parameters  for 
a  given  task  were  written  out  as  wave  forms  on  a  common  time 
base,  so  that  the  coincident  occurrence  of  events  on  the 
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different  traces  could  be  clearly  seen  and  the  latency 
between  events  measured.  These  measurements  were  taken 
using  Dixon  vernier  calipers  which  made  possible,  measure¬ 
ments  down  to  one-tenth  of  a  millimetre. 

Tables  of  the  coincidence  of  dominant  components  on 
the  motor  potential  and  on  EMG  and  force  traces  were  depic¬ 
ted  (see  Tables  1,  2,  3).  The  occurrence  of  these  events 
was  based  upon  visual  examination. 

The  average  latencies  between  relevant  events  were 
computed  where  distinct  wave  forms  were  seen.  These  are 
recorded  under  results  for  Task  1  and  results  for  Task  3. 

To  give  an  idea  of  the  extremes  of  these  latencies  the  ranges 
are  also  recorded. 

4.2.3  Selection  of  Number  of  Sweeps  for  Processing 

As  indicated  in  Chapter  III  sets  of  different  numbers 
of  sweeps,  from  15  up  to  90  were  examined.  It  was  found 
that  sets  of  90  sweeps  were  not  superior  to  45  (or  even  30 
or  15  in  some  cases)  for  purposes  of  this  study  (see 
Appendices  G,  i,  j).  As  the  growth  of  motor  potentials  was 
watched  on  the  oscilloscope  screen  a  clear  potential  was 
manifest  after  10  or  15  sweeps  in  many  cases.  As  further 
sweeps  were  fed  in,  the  motor  potential  often  deteriorated. 
This  may  well  have  been  due  to  variability  in  the  performance 
of  the  task,  as  the  subject  changed  his  mental  set  or  became 
fatigued.  It  is  therefore  reasonable  to  suggest  that  in 
future  research  using  this  kind  of  task,  the  subject  should 


'I  :  •  I  I,’:  '  I 

% 


80 


be  highly  trained  so  that  each  component  of  the  response 
is  less  variable  and  is  closely  time-locked  to  the  trigger. 

If  this  is  done  a  consistent  response  will  be  obtained  for 
all  sweeps  and  large  numbers  of  sweeps  would  remove  the  ran¬ 
dom  noise,  leaving  the  motor  potential  more  clearly  visible. 
In  this  experiment  the  use  of  45  sweeps  in  each  sub-set 
appeared  as  demonstrative  as  any  other  number  and  had  the 
advantage  of  providing  a  larger  number  of  samples  from  which 
to  obtain  an  idea  of  variability. 

4.2.4  Selection  of  Task  Data  for  Processing 

In  designing  the  experiment  it  was  decided  to  examine 
the  1 ef t-to-ri ght  movement  (Task  1)  as  well  as  the  right- 
to-left  movement  (Task  2)  to  check  whether  the  motor  poten¬ 
tial  for  one  was  similar  to  that  for  the  other.  In  examining 
the  traces  for  Task  2  it  was  seen  that  the  motor  potentials 
were  similar  to  those  for  Task  1.  In  Appendix  L  the  general 
form  of  the  motor  potential  for  Task  2  appears  the  same  as 
for  Task  1.  The  major  negative  going  spike  is  similar  in 
form  and  amplitude  and  is  similarly  related  to  EMG  and  force 
traces.  On  the  basis  of  this  and  the  evidence  from  the  work 
of  Vaughan  et  aj_.  (  1  965  ,  1966  ,  1968  ,  1970),  it  was  decided 
not  to  process  data  from  Task  2  any  further  and  to  work  on 
the  assumption  that  the  single  movement  elbow  extension  of 
Task  1  is  typical  of  elbow  flexion  or  extension  movements 
for  purposes  of  examining  related  motor  potentials. 

Task  3  and  Task  4  (return  trip)  were  also  similar  ex- 
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cept  that  one  started  moving  to  the  right  and  the  other  to 
the  left.  These  were  compared  as  for  Task  1  and  Task  2. 
Several  sub-sets  of  sweeps  from  Task  4  were  averaged  and 
compared  with  those  from  Task  3.  On  the  same  basis  as  the 
previous  comparison  they  were  found  to  be  similar  for  pur¬ 
poses  of  this  study.  An  example  of  an  average  from  Task  4 
i s  shown  i n  Appendix  H . 

4 . 3  Data  from  Averaged  Wave  Forms 
4.3.1  Single  Movement  (Task  1) 

4. 3. 1.1  Motor  Potential  and  Rise  in  Force 

For  Subject  1  and  3,  in  all  sub-sets  of  sweeps,  a 
large  clearly  defined  negative  potential  is  associated  with 
the  beginning  of  the  steepest  portion  of  the  force  trace 
(see  Table  1).  In  these  two  subjects  the  mean  and  the  range 
shown  below  in  Table  2,  of  the  negative  potential  around  the 
rise  in  force  is  very  small  when  compared  with  the  total 
duration  of  the  movement,  which  was  greater  than  one  second 
(see  Figs.  1,  2,  7,  8). 

In  Subject  2  the  negative  potential  is  clear  in  only 
three  out  of  eight  sub-sets,  and  is  more  variable  around  the 
occurrence  of  the  steepest  rise  in  force  (see  Figs.  4,  5,  6). 
This  may  be  due  to  the  subject  having  increased  force  gradu¬ 
ally  instead  of  rapidly  as  with  the  other  subjects. 
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TABLE  I 

COINCIDENCE  OF  NEGATIVE  POTENTIAL  WITH 
FORCE  AND  EMG  (TASK  1) 


R i s e  i n  Fall  in  Endof  Rise  in 

Force  Force  Force  EMG 

Subject  1  8  out  of  8*  5  out  of  8  6  out  of  8  7  out  of  8 

Subject  2  3  out  of  8  6  out  of  8  6  out  of  8  5  out  of  8 

Subject  3  8  out  of  8  7  out  of  8  2  out  of  2  8  out  of  8 

*  The  scores  in  the  columns  indicate  the  number  of  occurr¬ 
ences  of  the  potential  in  the  given  number  of  samples. 


TABLE  II 

MEAN  LATENCIES  AND  RANGES  -  MOTOR 
POTENTIALS  TO  RISE  IN  FORCE  (TASK  1) 


Mean 


Latency:  Steepest  rise 
Subject  1 
Subject  3 

Subject  1  &  Subject  3 


in  force  to  lowest  point  on  MP 
-15.6*  m.secs  (8  averages) 
8.0  m.secs  (8  averages) 
-3.8  m.secs  (16  averages) 


Range  of  Latencies: 

Subjectl  36*  m.secs  to  -24  m.secs 

Subject  3  48  m.secs  to  -40  m.secs 

*  A  positive  score  means  MP  occurred  first,  a  negative 
score  means  MP  occurred  second. 
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4-3-l-2  Motor  Potential  and  Fall  in  Force 

In  Subject  1  a  negative  spike  on  the  motor  potential 
occurred  in  5  out  of  8  samples  at  the  steepest  fall  in  force. 
When  it  occurred  the  wave  form  was  not  well  defined  and  was 
hard  to  allocate  a  time  point  (see  Figs.  1,  2). 

In  Subject  2  a  negative  going  wave  clearly  occurred 
in  6  out  of  8  samples  at  the  steepest  fall  in  force.  This 
was  often  a  multiple  spike  and  again  was  difficult  to  allo¬ 
cate  a  time  point  (see  Figs.  4,  5). 

In  Subject  3,  one,  or  a  series  of  negative  spikes  on 
the  motor  potential  occurred  at  the  steepest  fall  in  force 
in  7  out  of  8  samples  (see  Figs.  7,  8). 

Because  of  the  complexity  of  the  wave  forms,  actual 
time  points  could  not  be  allocated  and  statistical  analysis 
of  variability  did  not  appear  likely  to  clarify  the  rela¬ 
tionships. 

4. 3. 1.3  Motor  Potential  and  Termination  of  Force 

In  17  out  of  21  samples  a  negative  component  of  the 
motor  potential  occurred  at  the  time  when  the  force  ended. 

In  3  other  sub-sets  the  epoch  sampled  was  not  long  enough  to 
show  the  termination  of  force. 

Where  the  force  tailed  off  very  gradually  a  series  of 
negative  going  spikes  on  the  motor  potential  were  associated 
with  this  gradual  decline  (see  Figs.  1,  2,  4,  5,  7,  8). 
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4. 3. 1.4  Motor  Potential  and  Rise  in  EMG 

For  Subject  1,  in  7  out  of  8  samples,  a  negative  poten¬ 
tial  was  associated  with  the  steepest  rise  of  the  EMG  trace 
(see  Table  I  and  Figs.  1,  2,  3).  In  most  cases  the  EMG  rise 
preceded  the  motor  potential  spike. 

In  Subject  2,  5  out  of  8  samples  showed  a  coincident 
potential  on  the  EEG.  The  time  relationship  was  variable 
and  the  potential  not  always  dominant  enough  to  be  an  exclu¬ 
sive  relationship  with  the  rise  of  muscle  action  (see  Figs. 

4,  5,  6). 

Subject  3  showed  a  very  dominant  negative  potential 
associated  with  the  steepest  rise  of  EMG  in  all  8  samples 
(see  Table  I  and  Figs.  7,  8,  9),  which  varied  little  around 
the  time  of  the  muscular  activity.  In  this  subject  the 
association  between  the  motor  potential,  rise  in  force  and 
beginning  of  EMG  was  pronounced.  The  mean  latency  and  range 
of  latencies  are  shown  below  (Table  III). 

4. 3. 1.5  Motor  Potential  and  Fall  in  EMG 

The  fall  of  the  EMG  was  gradual  in  all  cases  even  after 
applying  a  steady  force  for  the  performance  of  the  task.  It 
was  therefore  not  possible  to  choose  a  criterion  point  on 
the  EMG  to  represent  the  major  fall  off  in  muscular  activity. 

4. 3. 1.6  Motor  Potential  and  General  Form  of  EMG 

In  subject  2,  7  out  of  8  samples  showed  a  distinct 

positive  potential  on  the  EEG  which  was  similar  to  the 
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TABLE  III 

MEAN  LATENCIES  AND  RANGES  -  MOTOR  POTENTIAL 
TO  RISE  IN  EMG  (TASK  1 ) 


Mean  Latency:  Steepest  rise 
Subject  1 
Subject  3 

Subject  1  &  Subject  3 


in  EMG1  to  lowest  point  on  MP 
-80*  m.secs  (8  averages) 
-64.8  m.secs  (8  averages) 
-72.4  m.secs  (16  averages) 


Range  of  Latencies: 

Subject  1  -60*  m.secs  to  -88  m.secs 

Subject  3  0.0  m.secs  to  -92  m.secs 

*  A  positive  score  means  MP  occurred  first,  a  negative 
score  means  MP  occurred  second. 


general  form  of  the  EMG.  This  relationship  is  also  sugges¬ 
ted  by  the  EEG  and  EMG  wave  forms  of  Subject  3  (see  Figs. 

1,  2,  4,  5,  7,  8). 

4.3.2  Return  Movement  (Task  3) 

4. 3. 2.1  Motor  Potential  and  Rise  in  Force 
Subjects  1  and  3  demonstrated  a  clear  negative  poten¬ 
tial  associated  with  the  steepest  rise  in  the  force  trace 
of  the  initial  movement  in  8  out  of  8  samples  (see  Table  IV 
and  Figs.  10  to  13). 

In  Subject  2  the  negative  potential  was  manifest  in 
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TABLE  IV 

COINCIDENCE  OF  NEGATIVE  POTENTIAL 
WITH  FORCE  AND  EMG  (TASK  3) 


Rise  in 

Fall  in 

End  of 

Rise  in 

Force 

Force 

Force 

EMG 

Subject  1  8 

out  of  8 

0  out  of  8 

3  out  of  8 

8  out  of  8 

Subject  2  2 

out  of  8 

4  out  of  8 

5  out  of  8 

2  out  of  8 

Subject  3  7 

out  of  7 

1  out  of  7 

0  out  of  7 

7  out  of  7 

TABLE  V 

MEAN  LATENCIES  AND  RANGES  -  MOTOR  POTENTIAL 

TO  RISE 

IN  FORCE  (TASK  3) 

Mean  Latency: 

Steepest 

rise  in  force 

to  lowest 

point  on  MP 

Subject 

1 

-9.6* 

m.secs  (8 

averages ) 

Subject 

3 

-34.6 

m.secs  (7 

averages ) 

Subject 

1  &  Subject  3  -22.1 

m .  secs  ( 1 5 

averages ) 

Range  of  Latencies: 

Subject 

1 

9.6* 

m.secs  to 

-28. 8  m. secs 

Subject 

3 

9.6 

m.secs  to 

-52.8  m.secs 

*  A  positive  score  means  MP  occurred  first,  a  negative 
score  means  MP  occurred  second. 
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only  2  out  of  8  samples.  But  it  seems  that  the  task  was 
not  normally  performed  by  him.  EMG1  and  force  traces  indi¬ 
cate  that  the  subject  was  applying  force  to  the  lever,  even 
though  no  displacement  occurred.  If  such  was  the  case,  the 
relationship  between  the  motor  potential  and  EMG  would  not 
be  related  to  the  task. 

4. 3. 2. 2  Motor  Potential  and  Fall  in  Force 

In  only  5  out  of  23  samples  (see  Table  IV)  was  a  domi¬ 
nant  component  of  the  motor  potential  associated  with  the 
steepest  fall  in  force.  This  occurred  with  a  coincident 
rise  in  the  second  EMG  and  cannot  therefore  be  looked  upon 
as  a  consistent  relationship  purely  with  the  steepest  fall 
in  force. 

4. 3. 2.3  Motor  Potential  and  End  of  Force 

In  8  out  of  23  samples  a  negative  component  of  the 
EEG  was  associated  with  the  end  of  force.  As  can  be  seen 
from  Table  IV,  most  of  these  are  from  Subject  2,  where  the 
negative  potential  was  also  coincidental  with  the  beginning 
of  EMG2  (see  Fig.  14).  These  negative  components  were  often 
complex  in  form  and  not  very  distinct. 

4. 3. 2. 4  Motor  Potential  and  Rise  in  EMG 

In  Subjects  1  and  3  (where  the  beginning  of  force  and 
EMG  was  clearly  indicated  at  the  beginning  of  the  movement 
of  the  lever)  all  samples  showed  a  distinct  negative  potential 
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in  the  EEG  as  the  first  muscle  activity  appeared  (see  Figs. 
10  and  12).  In  these  two  subjects  this  was  as  clear  as  for 
the  beginning  of  the  EMG  in  Task  1. 

From  the  latencies  reported  below  it  can  be  seen  that 
for  the  return  movement  the  negative  component  of  the  motor 
potential  occurred  after  the  steep  rise  in  muscle  action, 
as  in  the  single  movement  (see  Table  VI). 


TABLE  VI 

MEAN  LATENCIES  AND  RANGES  -  MOTOR 
POTENTIAL  TO  RISE  IN  EMG  (TASK  3) 


Mean  Latency:  Steepest  rise 
Subject  1 
Subject  3 

Subject  1  &  Subject  3 


in  EMG1  to  lowest  point  on  MP 
-42.0*  m.secs  (8  averages) 
-71.3  m.secs  (7  averages) 
-55.68  m.secs  (15  averages) 


Range  of  Latencies: 

Subject  1  9.6*  m.secs  to  -67.2  m.secs 

Subject  3  0.0  m.secs  to  -110.4  m.secs 

*  A  positive  score  means  MP  occurred  first,  a  negative 
score  means  MP  occurred  second. 


Subject  2  seems  not  to  have  removed  the  force  from  the 
lever  in  the  rest  period  and  as  a  result  his  EMG1  and  force 
records  show  activity  when  no  movement  of  the  lever  was  mani- 
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fest.  In  this  case  no  clear  motor  potential  can  be  expected 
at  the  commencement  of  the  movement. 

If  there  is  a  relationship  between  the  motor  potential 
and  EMG1  then  one  would  also  expect  a  similar  association 
between  a  component  of  the  motor  potential  and  EMG2 .  This 
was  found  to  occur  in  14  out  of  23  sub-sets  considering  all 
three  subjects. 

Triggering  the  computer  from  EMG2  produced  poorer 
averages  with  less  distinct  motor  potentials.  This  could 
be  due  to  overlap  of  EMG1  and  EMG2.  One  of  the  better  ex¬ 
amples  is  shown  in  Appendix  K. 

Subject  2  although  not  performing  the  first  movement 
of  the  task  as  required  showed  a  large  positive  wave  form 
associated  with  the  activity  of  EMG2  in  6  out  of  7  samples 
as  shown  in  Fig.  14. 

4.3.3  Continuous  Movement  (Task  5) 

In  the  averages  produced  with  a  relatively  short  sweep 
time  negative  going  components  in  the  EEG  were  associated 
with  the  rise  in  force  and  rise  in  EMG  in  the  majority  of 
cases  (see  Table  VII).  This  relationship  is  further  clari¬ 
fied  by  the  averages  produced  with  a  sample  twice  as  long, 
taken  from  alternate  sweeps  (Figs.  17  and  18). 

In  these  a  clear  relationship  can  be  seen  between  the 
negative  going  components  of  the  EEG  wave  form  and  the  force 
trace  produced  by  the  activity. 

As  in  Task  3  there  was  extensive  overlap  of  the  action 
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TABLE  VII 

COINCIDENCE  OF  NEGATIVE  POTENTIAL 
WITH  FORCE  AND  EMG  (TASK  5) 

Rise  in  Fall  in  Endof  Rise  in 

Force  Force  Force  EMG 

Subject  1  2  out  of  5  0  out  of  5  0  out  of  5  2  out  of  5 

Subject  2  7  out  of  8  3  out  of  8  0  out  of  8  6  out  of  8 

Subject  3  5  out  of  5  4  out  of  5  0  out  of  5  5  out  of  5 


of  the  two  muscles.  Since  it  was  shown  in  Task  1  that  EEG 
potentials  were  related  to  the  beginning  and  fall  of  force 
generated  by  the  muscles,  one  may  expect  motor  potentials 
related  to  one  muscle  to  overlap  those  related  to  the  other. 
The  negative  going  components  which  were  manifest  in  the 
motor  potential  in  Task  5,  although  clearly  related  to  rise 
and  fall  of  force,  were  not  clear  in  form  and  could  not  be 

allocated  a  distinct  time  point. 

In  Subject  2  large  positive  EEG  waves  were  associated 

with  the  rise  and  fall  of  the  EMG.  The  negative  phases  of 
these  were  not  distinct  in  form  and  for  this  subject  could 
be  allocated  a  time  point  in  only  one  sample  (Fig.  15). 

4.3.4.  Displacement  Relationships 

Displacement  was  used  mainly  as  a  control  measure  to 
check  the  adequacy  of  the  performance.  Its  value  in  this 
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can  be  seen  in  Fig.  14.  There,  EMG1  is  generating  force 
before  much  displacement  occurs.  As  mentioned  previously 
it  may  have  been  that  the  subject  was  pressing  on  the  lever 
in  preparation  to  act.  The  confounding  of  force  with  dis¬ 
placement  is  further  discussed  in  Section  4.4.6.D. 

Di sdI a  cement  was  dependent  upon  force  and  the  muscular 
activity  generating  it.  It  was  therefore  to  be  expected 
that  displacement  would  be  related  to  these  two  parameters 
and  to  the  motor  potential  which  is  related  to  them.  The 
displacement  was  less  well  related  to  the  motor  potential 
since  different  latencies  were  involved.  These  were;  the 
delay  for  the  muscle  to  "take  up  the  slack"  before  force 
could  be  manifest  in  the  force  trace,  the  time  taken  to 
generate  enough  force  to  overcome  the  initial  frictional 
resistance  and  the  transmission  time  between  cortex  and 
muscle.  It  is  only  after  these  delays  that  the  displace¬ 
ment  trace  can  provide  any  information.  (See  Figs.  1-14). 

4 . 4  Discussion 

4.4.1  Limitations  Within  the  Experiment 

4. 4. 1.1  The  Performance 

This  was  somewhat  different  for  each  of  the  three  sub¬ 
jects.  Had  they  been  trained  to  an  automated  level  this 
could  have  been  overcome,  but  the  training  procedure  was 
avoided  in  order  to  observe  any  progressive  automation  effect 
reflected  in  the  motor  potential.  Since  this  result  did  not 
come  out,  training  might  have  improved  the  results  obtained 
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by  reducing  intra-subject  variability  and  the  difference 
between  the  subjects. 

Although  the  performance  of  the  task  was  closely  pre¬ 
scribed  and  examples  of  desirable  wave  forms  presented  to 
each  subject  (Appendix  C),  it  may  have  been  possible  to 
initiate  the  movement  by  the  use  of  unmonitored  muscles, 
because  the  body  was  not  strapped  in  position. 

4. 4. 1.2  The  Task  Apparatus 

The  task  apparatus  in  this  study  is  capable  of  provid¬ 
ing  information  from  both  the  natural  performance  (gradual 
increase  and  decrease  of  force)  and  from  that  when  the  sub¬ 
ject  has  been  trained  to  produce  a  square-wave  type  of  force 
response.  The  voltage  output  of  the  strain  gauge  bridge  and 
the  displacement  potentiometer  were  checked  for  linearity. 
Calibration  graphs  are  shown  in  Appendices  D  and  E. 

Strapping  the  arm  in  the  starting  position  might  have 
isolated  the  movement  more  than  with  the  arm  freely  resting 
on  the  lever  platform.  But  the  strapping  could  also  have 
caused  a  general  muscle  tonus  which  would  have  been  recorded 
in  the  EMG  as  extraneous  noise.  Training  of  the  subjects 
to  a  stereotype  level  is  probably  a  better  answer  than 
strapping  the  subject  in  the  basic  position. 

4. 4. 1.3  Bio-Electronic  Equipment 

The  electrodes  used  for  EEG  transduction  were  as 
recommended  by  Skov  and  Simons  (1965).  These  were  satis- 


-  ■  -  *T  '  I  ><  . 

:  j  o:  £  cv  :i  ho  in  oq  J  v  >oi  fc  f  ri* 

-o'  n  o  A  n  nworia  9  6  a  ng  no  dfi'diTfi 


93 


factory  from  an  electronic  point  of  view  in  that  under  still 
and  moving  conditions  they  provided  good  EEG  signals.  How¬ 
ever  it  was  found  necessary  to  re-chloride  the  silver  discs 
before  each  application  in  order  to  obtain  acceptable  noise 
free  signals.  These  electrodes  were  also  very  slow  to 
apply,  having  several  parts  to  be  glued  to  the  subject. 

This  contributed  to  a  subject  preparation  time  of  approxi¬ 
mately  45  minutes,  adding  considerably  to  each  subject's 
experimental  time  of  approximately  5  hours.  In  total  the 
subject  had  a  very  difficult  and  tedious  experience. 

The  open  type  recessed  silver  electrodes  used  for  EMG 
gave  a  very  good  record  of  muscle  activity  when  coupled  with 
the  Honeywell  135  a.c.  amplifiers.  If  the  activity  of  speci 
fic  muscles  is  required  these  surface  electrodes  are  in¬ 
adequate,  and  needle  electrodes  should  be  used,  so  that 
extraneous  muscle  activity  is  not  picked  up  in  the  EMG  re¬ 
cording. 

The  Honeywell  accessory  pre-amplifier  for  the  EEG 
channel  failed  after  one  application.  It  was  therefore 
decided  to  couple  up  a  Beckman  pre-amplifier  (through  the 
power  amplifier  in  the  Beckman  unit)  to  the  input  of  the 
Honeywell  system  which  was  being  used  for  all  other  channels 
This  Beckman  pre-amplifier  worked  quite  well  but  by  inter¬ 
facing  the  two  systems,  noise  from  both  was  being  amplified 
and  fed  into  the  recordings.  Fortunately  the  initial  noise 
level  was  very  low  and  so  satisfactory  results  were  obtained 

Two  main  types  of  amplifier  were  used.  For  EEG  and 


2D2fb  lav  f  fi  9(15  obiiahlo-si  bnuo^  ei»w  5fr  i9vs 

i  l  :  ’  1  v  ;  - 

f’xoncqr>  j  i  5  norJb  ,fc<|9i  j  30£  t<tu*  *<  &  lri5noo  2iH 

.  j  •  c „  i  >o5  n i>  h  o  t  t  i  >  y.i  /  ■)'  u- 

i1i  <  t  f  ‘00  rtertw  i)  •; v ;  jj  >  9  J2U!  ’to  bioo9i  boog  Y19V  6  OV  Q 

'  "  -  -  i  '  rt>-  H  t  !5 

19(150  fl6  1C?  fci  U  fert  9<  W  if  3*  w  fi395  2Y? 

bonfb  do  91  iw  25ru29*  ytotofi^  ’r  r>2  02  bm  m  >p*v  Z£>  f  9V9 


94 


the  two  EMG  channels  Honeywell  a.c.  135  amplifiers  performed 
very  well  giving  low  noise  signals  with  little  or  no  base¬ 
line  drift.  The  d.c.  113  amplifiers  used  for  force  and 
displacement  channels  were  not  as  reliable,  were  sporadically 
noisy  and  were  susceptible  to  small  voltage  surges  when  part 
of  the  equipment  was  switched  off  or  on.  As  a  result  the 
force  trace  in  some  of  the  write-outs  had  to  be  corrected 
by  hand  (see  dotted  lines  on  some  of  the  traces).  Twice  dur¬ 
ing  the  experiment  the  output  of  the  displacement  amplifier 
drifted  to  an  extend  beyond  the  capacity  of  the  tape  re¬ 
corder  and  had  to  be  switched  off. 

The  Honeywell  ultra-violet  strip  chart  recorder  pro¬ 
duced  a  good  paper  record  of  all  raw  data. 

A  high  fidelity  record  was  made  on  a  Hewlett  Packard 
3911  FM  tape  recorder.  Having  output  voltage  control  it  was 
easy  to  adjust  voltage  levels  of  each  channel  for  the  input 
requirement  of  the  PDP8  analog  computer,  which  averaged 
three  channels  at  once  over  240  data  points. 

4.4.2  Discussion  of  Wave  Forms  from  Single  Movement  (Task  1) 

In  all  averages  from  the  three  subjects  in  this  experi¬ 
ment  a  negative  component  of  the  motor  potential  is  dis¬ 
tinctly  related  to  the  beginning  of  muscle  action  and  the 
related  rise  in  force  (see  Figs.  1  to  9). 

This  is  in  accord  with  Vaughan  (1965,  1968),  Gilden 
(1966)  and  Karlin  (1970)  who  found,  from  scalp  recordings, 
that  the  beginning  of  muscular  activity  occurred  in  time 
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with  the  occurrence  of  a  small  positive  wave,  followed  by 
a  large  negative  component.  They  found  that  whereas  the 
small  positive  wave  was  not  a  reliable  occurrence,  the  nega¬ 
tive  component  was  always  present,  was  dominant  in  form  and 
its  latency  from  the  rise  of  EMG  was  not  great. 

Vaughan  et_  al_.  (1970)  recording  directly  from  the  cor¬ 
tex  of  monkeys  found  the  same  components  as  from  the  human 
scalp.  But  from  the  wave  forms  published  in  the  article  it 
seems  that  the  negative  going  component  reaches  its  peak 
before  the  rise  of  the  muscular  activity.  This  seems  to  be 
a  difference  between  the  motor  potential  from  the  cortex 
of  monkeys  and  that  from  the  scalp  of  humans.  The  impedance 
of  the  tissues  through  which  the  signal  passes  to  the  scalp 
could  be  involved  with  this  difference.  Vaughan  (1968) 
states,  these  positive  and  negative  waves  "...occurring 
shortly  before  the  onset  of  movements,  seem  to  reflect  some 
processes  closely  associated  with  their  initiation."  If 
later  research  supports  this  idea,  the  dominant  negative 
potential  which  occurs  after  the  rise  of  the  EMG  could  be 
involved  with  these  processes  and  its  transmission  through 
to  the  scalp  electrode  be  delayed  by  this  impedance.  This 
would  comply  with  the  reports  of  Hubbard  (1969),  Creutzfeldt 
(1966)  and  Jasper  and  Stephanis  (1965),  who  all  indicate 
that  a  negative  field  at  the  surface  of  the  cortex  is  asso¬ 
ciated  with  the  firing  of  pyramidal  tract  neurons.  It  can 
be  seen  in  the  wave  forms  shown  by  Vaughan  ejt  aJL  (  1965  , 
1966,  1968,  1970)  that  the  negative  going  phase  although 
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clearly  present  does  not  have  a  well  defined  form  in  all 
cases.  This  was  also  found  in  the  research  reported  in 
this  dissertation,  especially  in  Subject  2  where  the  motor 
potential  was  ill-defined  and  could  not  be  allocated  a  re¬ 
liable  time  of  occurrence.  As  a  result  it  seemed  unwise 
to  include  the  samples  from  Subject  2  in  mean  and  range 
results.  It  could  be,  that  in  this  subject,  the  scalp 
electrode  was  not  directly  over  the  appropriate  area  of 
cortex,  and  hence  a  motor  potential  may  well  have  been  gene¬ 
rated  by  that  subject  but  not  picked  up  by  the  electrodes. 
This  points  out  one  of  the  weaknesses  of  using  external 
scalp  electrodes,  where  actual  location  of  the  specific  area 
on  the  motor  cortex  cannot  accurately  be  determined. 

In  some  of  the  samples  from  Subject  3  a  near  square 
wave  force  trace  was  produced.  In  these  cases  a  negative 
potential  occurred  at  the  time  of  fall  in  force  and  fall  in 
EMG  (Figs.  7  and  8).  In  Subject  1  (Figs.  1  and  2)  the  nega¬ 
tive  going  potentials  occurring  at  the  steepest  fall  in  force 
may  also  be  interpreted  this  way. 

From  these  results  it  seems  that  a  negative  component 
of  the  motor  potential  is  associated,  after  a  given  latency, 
both  with  the  rise  and  the  fall  of  the  force  generated  by 
muscular  action.  This  can  be  seen  in  the  results  only  when 
these  events  occur  abruptly,  as  in  wave  forms  from  Subject  3. 

Following  the  first  sharp  negative  going  phase  of  the 
motor  potential  (N2)  a  large  positive  component  develops 
in  association  with  rising  or  sustained  muscular  force.  A 
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crude  relationship  was  seen  in  16  or  17  samples  out  of  24, 
(Figs.  7  and  8)  between  the  shape  of  the  positive  component 
of  the  motor  potential  and  the  EMG  and  force  traces,  as 
hypothesized  in  Chapter  IV,  page  74.  Vaughan  et_  al_.  (  1965  , 
1968)  and  Gilden  e_t  a_K  (1966)  show  similar  positive  waves 
occurring  immediately  after  the  dominant  negative  component 
in  most  subjects  for  hand  and  foot  movements,  but  these  seem 
not  to  be  reliably  related  to  the  characteristics  of  the 
EMG  wave  form,  although  their  tasks  did  not  generate  an  EMG 
with  a  unique  form. 

In  referring  to  the  dominant  positive  component  ( P 2 ) 
Gilden  (1966)  states  "This  component  might  be  attributed, 
at  least  in  part  to  afferent  feedback  generated  by  the  move¬ 
ment.  Since  the  positive  deflection  developed  more  than 
50  milliseconds  after  onset  of  contraction,  sufficient  time 
elapsed  to  permit  somatosensory  and  proprioceptive  impulses 
to  reach  the  cortex."  To  examine  this  problem  Vaughan  (1970) 
conducted  research  which  used  deaf feren tat i on  techniques  on 
monkeys  (in  this,  surgery  on  the  spinal  cord  separates 
peripheral  nerves  conducting  feedback  impulses  from  the 
joints  and  muscles).  Contrary  to  their  expectations  the 
basic  form  of  the  motor  potential  did  not  change  even  though 
some  parts  of  it  were  delayed.  From  this,  the  conclusion 
was  drawn  that  during  activity  feedback  from  the  moving  part 
is  probably  blocked  at  the  motor  cortex. 

Vaughan's  findings  are  supported  by  the  work  of  Evarts 
(1969,  reported  in  Chapter  I)  on  single  cells  of  the  motor 
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cortex  from  which  he  concluded  that  "...the  output  of  cells 
of  the  precentral  motor  cortex  is  related  to  the  muscular 
activity  causing  the  action  rather  than  the  joint  displace¬ 
ment  or  steady  joint  position  resulting  from  the  muscular 
acti vi ty . " 

Although  the  above  studies  do  not  totally  eliminate 
the  possibility  of  feedback  influencing  the  motor  potential, 
it  seems  feasible  to  hypothesize  that  the  late  components 
of  this  are  related  to  the  outgoing  signals  rather  than  the 
feedback  from  the  movement.  Further  research  on  motor  poten¬ 
tials  may  help  to  clarify  the  position. 

The  results  obtained  from  the  single  movement  indicate 
that  Hypotheses  1  and  3  related  to  the  beginning  of  EMG  and 
force,  are  clearly  supported,  and  that  Hypotheses  2  and  4 
related  to  the  fall  of  EMG  and  force,  are  supported  only 
where  the  fall  off  in  these  two  traces  is  steep.  In  a  few 
samples  some  similarity  can  be  seen  between  the  hypothesized 
wave  form  on  page  74  and  the  results  as  in  Figs.  7  and  8. 

4.4.3  Differences  Among  Subjects 

(A)  Each  subject  seemed  to  have  unique  characteristics 
in  the  motor  potential  produced.  This  was  to  be 
expected  when  the  performance  (indicated  by  EMG 
and  force  traces)  were  so  different.  These 
general  differences  in  form  could  also  be  due  to 
difference  in  location  of  the  scalp  electrode  re¬ 
lative  to  the  appropriate  area  of  cortex.  It  is 
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also  well  demonstrated  (Cooper,  1969)  that  in 
normal  subjects  the  general  form  of  the  basal 
EEG  is  unique  to  the  individual.  These  factors 
will  no  doubt  influence  in  a  general  way  the  wave 
forms  obtained,  but  nevertheless  should  not  mask 
the  different  components  of  the  motor  potential 
if  these  truly  represent  the  cortical  function 
related  to  the  motor  performance. 

(B)  On  the  basis  of  the  data  collected  it  is  possible 
to  say  that  not  all  components  of  the  motor  poten¬ 
tial  as  suggested  by  Vaughan  crt  al_.  (1968)  occur 
in  all  subjects,  at  all  times.  However  from  close 
examination  of  the  force  and  EMG  wave  forms  it 
can  be  seen  that  where  clear  and  abrupt  changes 
occur  in  the  performance,  this  is  more  often  than 
not  reflected  in  the  motor  potential.  It  there¬ 
fore  appears  likely  that  lack  of  demonstration  of 
the  appropriate  wave  form  is  a  function  of  the 
variability  of  performance,  the  inadequacy  of  the 
task  and  perhaps  the  noise  and  distortion  of  the 
electronic  system. 

(C)  In  Subjects  1  and  3  who  showed  a  clear  relation¬ 
ship  between  the  negative  components  of  the  motor 
potential  and  the  rise  and  fall  of  muscular  acti¬ 
vity  and  force,  the  latencies  are  somewhat  differ¬ 
ent  (see  page  82,  Chapter  IV).  However  when  com¬ 
pared  with  the  duration  of  the  total  movement 
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(up  to  1.5  secs.)  the  latency  and  the  range  of 
latencies  is  very  small  and  indicates  little 
difference  between  the  two  subjects. 

4.4.4  Discussion  of  Results  from  Return  Movement  (Task  3) 

From  the  results  of  Task  3  (see  Table  IV  and  Figs. 

10,  11,  12,  13,  14)  it  can  be  seen  that,  a  distinct  negative 
potential  occurs  at  approximately  the  same  time  as  the  rise 
in  force  and  the  rise  in  EMG,  as  in  the  single  movement. 

This  is  a  consistent  result  for  Subjects  1  and  3,  but  not 
for  Subject  2.  The  faulty  data  of  Subject  2  could  be  due 
to  leaning  on  the  apparatus,  or  using  unmonitored  muscles 
to  initiate  the  movement. 

Comparison  of  mean  latencies  (p.  82  and  p.  86)  for 
the  single  movement  and  the  return  movement  indicate  no 
clear  difference  between  the  tasks.  Considering  the  MP-to- 
force  latency.  Subject  1  shows  a  decrease  in  mean  latency 
whereas  Subject  3  shows  an  increase  for  the  more  complex 
task . 

In  both  Subject  1  and  Subject  3  the  range  of  the  laten¬ 
cies  decreased  in  the  return  movement.  These  being  derived 
from  only  eight  samples  for  each  subject  may  or  may  not  indi¬ 
cate  a  difference  between  the  latency  of  MP  for  the  single 
movement  and  that  for  the  return  movement. 

Between  MP  and  EMG1 ,  the  mean  latencies  on  pages  85  and 
88,  do  not  show  a  common  direction  for  both  subjects;  Subject 
1  shows  a  decreased  latency  from  single  to  return  movement, 
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whereas  Subject  3  shows  an  increase.  The  range  of  latencies 
for  the  two  subjects  does  not  show  a  distinct  pattern,  hence 
one  cannot  assume  a  latency  difference  between  tasks. 

Since  a  negative-going  component  in  the  MP  was  asso¬ 
ciated  with  the  rise  of  EMG1  it  was  reasonable  to  expect  a 
similar  potential  with  the  rise  of  EMG2.  Such  a  potential 
was  a  clear  event  in  14  out  of  23  samples,  but  was  not  dis¬ 
tinct  enough  in  form  to  allocate  an  accurate  time  of  occurr¬ 
ence,  or  to  measure  its  latency  from  the  EMG.  EMG1  over¬ 
lapped  EMG2  and  the  motor  potentials  associated  with  these 
also  seemed  to  overlap,  in  that,  the  second  negative  poten¬ 
tial  occurred  where  a  positive  wave  form  was  recorded  in  the 
single  task.  In  Figs.  10  and  14  these  phenomena  can  be  seen 
associated  with  the  cessation  of  EMG2,  in  the  same  way  that 
one  was  recorded  in  the  single  movement.  It  is  therefore 
reasonable  to  conclude  that  in  the  return  task  the  complex 
EEG  wave  form  may  well  represent  superimposed  motor  poten¬ 
tials  related  to  EMG1  and  EMG2. 

Hypothesis  5  relating  to  the  return  trip  movement  is 
supported  in  Subjects  1  and  3  where  rise  and  fall  of  force 
and  EMG  are  steep  as  in  the  beginning  of  the  first  phase. 
Some  similarity  to  the  hypothesized  wave  form  on  page  75  can 
be  seen  in  Figs.  10  and  14,  where  the  shape  of  the  EEG  wave 
form  reflects  to  a  certain  extent  the  activity  of  the  two 
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Discussion  of  Results  from  Continuous  Movement  (Task  5) 
The  wave  forms  of  averages  derived  from  the  continuous 
movement  were  not  distinct  enough  to  allocate  times  of 
occurrence  to  the  different  components.  Nevertheless  exa¬ 
mination  of  the  averaged  wave  forms  clearly  indicated  a  nega¬ 
tive  potential  on  the  EEG  trace  related  to  the  beginning  of 
muscular  activity  in  13  out  of  18  samples.  Examples  of 
these  are  shown  in  Figs.  15  and  16.  Both  of  these  figures 
also  illustrate  a  second  negative-going  component  in  the 
EEG  associated  with  the  beginning  of  EMG2 . 

When  the  length  of  the  epoch  was  doubled  and  alternate 
sweeps  averaged,  the  time  relationship  between  EEG  potentials 
and  increase  in  muscular  force  was  made  more  obvious  as  in¬ 
dicated  in  Figs.  17  and  18.  Although  in  these,  the  EEG 
wave  form  is  very  noisy,  the  major  negative  components  are 
obviously  related  to  the  occurrence  of  the  rise  of  force  in 
both  the  flexion  and  extension  phases  of  the  task. 

In  referring  back  to  Hypothesis  6,  it  may  be  stated 
that  for  the  continuous  task,  negative  components  of  the 
motor  potentials  were  related  to  the  rise  in  EMG  and  force 
for  both  directions  of  movement  and  that  the  wave  forms 
obtained  were  not  clear  enough  to  determine  whether  similar 
signals  existed  for  the  fall  of  force  and  fall  of  EMG. 

4.4.6  Comparison  of  Single,  Return  and  Continuous  Movements 
From  the  comparison  of  the  different  tasks  used  in 
this  study  the  following  observations  may  be  made. 
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(A)  In  single,  return  and  continuous  movements,  in 
2  out  of  the  3  subjects  in  the  experiment,  a 
negative-going  potential  in  the  EEG  was  associ¬ 
ated  with  the  onset  of  muscular  activity.  In 
the  more  complex  tasks  this  was  less  well  demon¬ 
strated  because  these  potentials  were  less  defin¬ 
ite  in  form,  perhaps  caused  by  the  loss  of  reli¬ 
ability  in  the  performance  of  the  tasks. 

(B)  In  the  return  and  continuous  movements,  where  the 
activity  of  the  two  muscles  overlapped,  the  motor 
potentials  related  to  them  also  seemed  to  overlap. 
In  that,  a  negative  potential  associated  with  the 
onset  of  the  second  muscle  occurred  before  the 
end  of  the  activity  of  the  first. 

(C)  A  negative  potential  coincident  with  the  fall  of 
muscular  activity  occurred  in  both  the  single 
movement  and  the  second  phase  of  the  return  move¬ 
ment  of  several  samples. 

(D)  Although  it  may  appear  from  some  of  the  wave  forms 
of  Task  3  that  negative-going  EEG  potentials  are 
related  to  the  beginning  and  end  of  movement,  as 
indicated  in  the  displacement  trace,  on  examination 
of  Task  1  samples  it  can  be  seen  that  the  negative 
potential  is  more  nearly  related  in  time  to  the 
beginning  of  the  EMG  and  the  steepest  rise  in 
force.  From  this  it  seems  unlikely  that  differ¬ 
ences  between  isotonic  and  isometric  performance 

is  reflected  in  the  motor  potential. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 


5 . 1  Summary 

The  purpose  of  this  study  was  to  determine  whether 
dominant  components  of  the  motor  potential  recorded  from 
the  scalp,  were  coincident  with  the  rise  and  fall  of  muscu¬ 
lar  activity  in  single  movements,  return  movements  and  con¬ 
tinuous  movements,  in  serial  flexion  and  extension  of  the 
elbow. 

El ectroencephal ographi c  recordings  obtained  from  three 
right  handed  subjects  through  scalp  electrodes  were  averaged 
by  computer  and  related  to  EMG,  force  and  displacement  of  the 
limb. 

In  the  single  movement,  coincident  events  in  the  motor 
potential  indicated  the  rise  and  fall  of  EMG  and  force. 

Events  in  the  motor  potential  of  the  return  movement 
coincided  with  the  rise  of  EMG  and  of  force  in  the  first 
phase,  and  the  rise  of  EMG  in  the  second  phase.  Other  time 
relationships  were  not  clear. 

Dominant  negative  potentials  were  still  evident,  asso¬ 
ciated  in  time  with  change  in  direction,  despite  relatively 
high  noise  level  in  the  motor  potentials  for  continuous 
movement . 

Relationships  between  events  were  clearer  in  some  sub¬ 
jects  than  in  others.  This  could  have  been  caused  by  differ- 
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ent  characteristics  in  the  performance  of  the  task  or  by 
problems  related  to  the  location  of  scalp  electrodes. 

The  general  wave  form  of  the  motor  potentials  and  the 
EMG  traces  seemed  to  be  related  in  a  few  samples  of  the 
single  movement  task,  suggesting  that  other  factors  than  time 
may  be  related  between  the  motor  potential  and  the  EMG. 

5 . 2  Cone! us i ons 

Results  of  this  study  indicate  the  feasibility  of 
further  research  using  subjects  trained  to  the  stereotyped 
stage,  for  more  discriminating  results  in  the  tasks  as  used. 

It  seems  from  the  results  of  return  and  continuous 
movements  that  overlap  of  the  activity  of  the  two  muscles 
was  reflected  in  the  motor  potential  records,  making  time 
relationships  less  distinct.  In  order  to  examine  whether 
this  overlap  does  exist  clearer  records  of  the  EEG  will  be 
necessary  with  more  distinct  rise  and  fall  of  the  EMG.  These 
may  be  obtained  from  extensive  training  of  the  subjects  and 
a  modification  of  the  task  to  include  irregular  rhythms. 

Some  further  research  seems  to  be  required  on  the 
motor  potential  derived  from  the  pre-central  motor  areas 
before  examination  of  whether  potentials  reflecting  compon¬ 
ents  of  motor  performance  are  also  manifest  on  other  areas 


of  the  cortex. 
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APPENDIX  A 
TESTS  OF  HANDEDNESS 


A .  1  Questions 

(1)  With  which  hand  do  you  normally  write? 

(2)  With  which  hand  do  you  normally  throw  a  ball? 

(3)  Which  hand  do  you  use  to  cut  with  scissors? 
Response  of  all  subjects  to  all  questions  was  ‘right  hand'. 

A.  2  Grip-Strength  Test  (in  kilos) 

Subject  1:  left  hand  47,  47,  46 

right  hand  58,  57,  54 

Subject  2:  left  hand  45,  46,  46 

right  hand  54,  51,  49 

left  hand  46,  46,  47.5 

right  hand  47,  49,  49 


Subject  3: 
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APPENDIX 
IMPEDANCE  OF  EEG 


Subject  1 


motor  to  frontal 

1.2 

motor  to  ear 

1.8 

frontal  to  ear 

1.6 

Subject  2 

motor  to  frontal 

1.1 

motor  to  ear 

1.8 

frontal  to  ear 

oo 

• 

o 

Subject  3 

motor  to  frontal 

1.2 

motor  to  ear 

1.8 

frontal  to  ear 

1.8 

B 

ELECTRODES 

-  1.4  kohms 

-  2.0  kohms 

-  2.0  kohms 

-  1.6  kohms 

-  2.4  kohms 

-  1.2  kohms 

-  1.6  kohms 

-  2.5  kohms 

-  2.5  kohms 
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APPENDIX  C 

DIRECTIONS  TO  THE  SUBJECT 

A  full  explanation  was  given  to  each  subject  regarding 
the  requirements  of  the  task  and  the  different  variables 
which  could  cause  artifacts  on  the  recordings.  These  in¬ 
cluded  the  general  state  of  arousal  of  the  subject  and  his 
ability  to  establish  a  basal  state. 

Recordings  of  the  EEG  obtained  during  pilot  studies 
were  used  to  illustrate  the  influence  of  swallowing,  speech, 
clenching  the  teeth,  vertical  and  horizontal  eye  movements 
and  blinking.  A  recording  was  also  shown  to  illustrate  a 
normal  wave  form  with  a  low  noise  level  and  maximal  amplitude 
of  50  microvolts  (see  Fig.  ). 

C . 1  Instructions  to  Subjects 
C.1.1  Introducti on 

The  task  is  not  intellectually  or  physically  demanding, 
but  it  is  taxing  to  maintain  attention  to  the  task  for  the 
period  of  time  required  without  performing  extraneous  move¬ 
ments.  If  these  movements  occur  the  data  obtained  will  be 
very  noisy  and  hard  to  process  or  interpret. 

C.1.2  The  Basic  Position 

This  is  a  relaxed  sitting  posture  with  eyes  fixed  on 
the  sweep  finger  of  the  laboratory  clock.  The  tongue  is  to 
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be  resting  on  the  floor  of  the  mouth,  the  jaw  relaxed  and 
lips  together;  the  non-performing  arm  resting  easily  on  the 
lap  and  the  right  arm  (when  not  in  motion)  resting  on  the 
elbow  platform  and  lever  handle  in  a  totally  relaxed  state. 

The  task  is  to  be  performed  while  maintaining  the  above  posi¬ 
tion  for  each  series  of  trials. 

C.1.3  Art i facts 

On  the  accompanying  sheet  are  examples  of  artifacts  in 
the  recordings.  These  are  caused  by  muscular  activity  of 
different  kinds  including  swallowing,  speech,  clenching  the 
jaw,  and  various  eye  movements.  These  artifacts  will  totally 
mask  the  signal  and  should  be  avoided  at  all  cost. 

C.1.4  Performance  of  the  Task 

A  recording  of  the  force  signal,  with  ideal  form  is 
shown  on  pages  and  of  the  traces.  You  should  try 
to  replicate  this  wave  form  in  each  movement. 

The  flexion  or  extension  movement  is  to  be  performed, 
beginning  sharply  from  the  basal  starting  position,  such  that, 
the  movement  of  the  lever  is  not  delayed  while  force  is  being 
built  up  to  the  necessary  level.  When  the  lever  has  started 
to  move,  maintain  the  force  so  as  to  keep  the  movement  at 
an  even  speed  up  to  the  end  of  the  excursion.  Each  excursion 
should  cover  a  sweep  of  approximately  18  inches.  At  the  end 
of  each  movement,  stop,  and  totally  relax  the  arm.  Commence 
each  movement  of  the  task  as  the  sweep  finger  of  the  clock 
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passes  each  mark  on  the  clock  face.  These  are  at  three 
second  intervals.  When  you  wish  to  move  your  position  in 
any  way,  or  swallow  or  blink  the  eyes,  stop  the  lever  and 
totally  relax  the  performing  arm.  Try  to  do  as  many  repeti¬ 
tions  as  possible  before  stopping  and  without  losing  the  basal 
condition.  In  the  few  practice  trials  try  to  reproduce  on 
the  oscilloscope  the  sample  wave  form  which  is  on  the  paper. 

C.1.5  Tasks  1  and  2 

This  involves  single  separated  movements.  When  you  are 
told  to  begin,  track  the  sweep  finger  of  the  clock  one  full 
turn  and  when  it  reaches  the  vertical  begin  the  task  as  pre¬ 
viously  instructed.  Perform  each  movement  as  the  sweep  finger 
passes  each  mark  on  the  clock  face. 

Try  to  perform  the  task  to  give  the  wave  form  as  prac- 

ti ced . 

In  this  first  task,  arm  movements  are  performed  alter¬ 
nately  with  a  rest  after  each  one. 

For  this  task  400  movements  in  each  direction  are 
required.  You  do  not  need  to  count,  but  perform  the  task 
with  full  attention  until  asked  to  stop. 

C . 1 . 6  Task  3 

This  involves  return  trip  movements,  R  -  L  -  R.  Task 
2  is  to  be  performed  as  for  task  1,  but  performing  double 

movements  instead  of  single  ones. 

At  the  end  of  the  first  movement  perform  the  return 
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trip  immediately  without  rest. 

Try  not  to  tense  the  arm  excessively  as  the  change  of 
direction  is  made. 

When  each  return  trip  is  completed,  totally  relax  the 
arm  before  the  next  movement. 

It  is  important  that  you  try  to  make  the  movement  in 
each  direction  the  same  length. 

C . 1 . 7  Task  4 

This  is  a  return  trip  as  for  task  2  but  in  the  opposite 
direction.  Try  to  give  a  mirror  image  of  your  performance  in 
task  2. 

C . 1 . 8  Task  5 

This  is  a  continuous  task  with  alternating  movements. 

In  this,  continue  alternate  movements  until  asked  to  stop. 

The  marks  on  the  clock  face  have  been  covered,  but  to 
control  for  the  effects  of  eye  movements  it  is  important  that 
you  track  the  sweep  finger  of  the  clock  accurately  until  the 
task  is  completed. 
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APPENDIX  E 

DISPLACEMENT  CALIBRATION 
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APPENDIX  F 


Pilot  study,  EEG  from  Subject  2,  force  from 
experimenter.  EEG  calibration,  hor.  scale, 
10  divisions  =  320  millisecs.  vert,  scale, 

1  division  =  10  microvolts. 
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APPENDIX  G 


Subject  3,  Task  1  ,  single  movement,  90  sweeps. 
EEG  calibration,  hor.  scale,  10  divisions  = 

400  millisecs.  vert,  scale,  1  division  =  5 
mi crovol ts . 
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Subject  3,  Task  4,  computer  triggered  from  EMG2. 
EEG  calibration,  hor.  scale,  10  divisions  =  400 
millisecs.  vert,  scale,  1  division  =  5  micro¬ 
volts. 
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Subject  3,  Task  1,  single  movement,  15  sweeps. 
EEG  calibration  hor.  scale,  10  divisions  = 

400  millsecs.  vert,  scale,  1  division  =  5 
microvolts. 
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APPENDIX  J 


Subject  3,  Task  1,  single  movement,  30  sweeps. 
EEG  calibration,  hor.  scale,  10  divisions  = 

400  millisecs.  vert,  scale,  1  division  =  5 
mi cro vol ts  . 
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APPENDIX  K 


Subject  3,  Task  3,  return  movement,  computer  trig¬ 
gered  from  EMG2.  EEG  calibration,  hor.  scale,  10 
divisions  =  480  millisecs.  vert,  scale,  1  divi¬ 
sion  =  2.5  microvolts. 
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Subject  3,  Task  2,  single  movement, 
brat  ion,  hor.  scale,  10  divisions  = 
secs.  vert,  scale,  1  division  =  2.5 


EEG  cali- 
480  mil  1  i  - 
microvolts 
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APPENDIX  M 

PREPARATION  AND  CHARACTERISTICS  OF 
EEG  ELECTRODES 

For  the  recording  of  the  EEG  it  was  necessary  that 
the  electrodes  were  small  for  easy  application  and  adjust¬ 
ment,  and  could  be  applied  to  the  scalp  so  that  any  future 
application  of  this  work  could  be  conducted  either  in  clini¬ 
cal  or  field  situations. 

The  following  characteristics  were  therefore  required 
of  the  electrodes: 

(1)  That  they  give  stable  signals  with  low  level  noise 
and  no  significant  phase  shift.  These  characteris¬ 
tics  are  found  in  the  non-polarizing  Ag/AgCl 

el ectrode . 

(2)  That  the  conducting  electrode  surface  be  small  so 
that  little  hair  would  need  to  be  removed  from 
the  scalp,  and  yet  large  enough  so  that  the  amount 
of  current  passed  by  the  electrode  per  unit  area, 
would  not  be  too  high. 

(3)  That  the  electrodes  be  surface  recording,  so  that 
they  can  be  used  without  medical  attendance,  in 
general  clinical  and  field  applications. 

(4)  That  the  conducting  surface  of  the  electrode  be 
isolated  from  the  skin  so  that  movement  artifact 
does  not  contaminate  the  signals. 
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(5)  That  easy  access  be  available  to  the  scalp  under¬ 
neath  the  electrode  for  adjustment  of  the  skin 
condition  to  bring  the  ski n-to-el ectrode  impedance 
within  limits  prescribed  in  Chapter  III. 

(6)  That  the  electrode  surface  be  renewable,  so  that 
if  damaged,  the  surface  can  be  re-anodized. 

Of  the  electrodes  available,  the  ones  providing  most 
of  the  above  characteristics  were  those  used  by  Skov  and 
Simons  (1965).  As  can  be  seen  from  the  specifications  dia¬ 
grammed  below,  the  small  insert  used,  requires  only  a  small 
amount  of  hair  to  be  cut.  The  removable  caps  allow  improve¬ 
ment  of  the  skin-to-electrode  impedance  and  if  the  silver 
discs  are  not  cemented  in,  allow  for  easy  re-chl oriding. 
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The  micro-connectors  attached  to  the  electrodes  allow  for 
replacement  of  broken  leads  without  re-making  any  of  the 
electrode  parts. 

In  preparation  for  this  experiment,  the  small  connec¬ 
tors  were  silver-soldered  to  the  silver  discs;  the  discs 
were  cleaned  by  i mmers ing  in  a  1%  saline  bath  and  making 
them  the  negative  pole  in  an  electric  circuit  with  60  m.a. 
applied  at  10  volts  for  10  minutes.  The  cleanliness  of  the 
discs  was  verified  by  close  examination  through  a  microscope 
at  an  amplification  of  50  times.  It  was  observed  that  even 
in  the  troughs  of  the  irregular  silver  surface  the  reverse 
polarity  had  cleaned  off  all  impurities. 

In  anodizing  the  discs,  the  current  density  recommended 
by  Geddes  (1969)  was  obtained  from  a  12  volt  source  and  was 
varied  using  a  potentiometer.  The  current  was  checked  using 
a  volt-ohm  meter.  After  anodizing,  each  disc  was  examined 
under  the  microscope  for  irregularities  and  bare  spots  in 
the  chloride  surface. 

After  some  experimentation,  current  density  was  varied 
using  2  minutes  at  1  ma/cm  ,  3  minutes  at  2  ma/cm  and  a 
further  2  minutes  at  1  ma/cm^.  By  using  this  method  of 
chloriding  very  few  bare  spots  could  be  detected  under  the 
microscope  and  a  very  even  layer  of  chloride  was  deposited. 
The  electrodes  were  agitated  in  the  bath  from  time  to  time 
and  between  the  three  different  levels  of  current  applica¬ 
tion  the  electrode  was  washed  thoroughly. 
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